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MAKERS OF FINE FURNACES 
Gallenkamb INTRODUCE A NEW RANGE 


With over 40 years’ experience in design and construction, 
we have now completely restyled our general purpose furnaces 
and added several new types to the range. Operating tem- 
peratures have been increased and new models introduced for 
use up to 1500°C. Larger sizes are now available and furnaces 
have, in general, greater useful working spaces due to im- 
proved design. High performance, coupled with very robust 
construction and reliability make the 

furnaces equally suitable for labora- 

tory and industrial applications. We 

also supply special purpose furnaces 

for coal and coke testing, differential 

thermal analysis of miner- 

als, and sulphur and 

halogen ‘determina- 

tion by the Carius 

method. 


ASK FOR PUBLICATION 620 


OF 33 MODELS 


a 


Travelling in Europe this June ? 

Visit us at the ACHEMA CON- 
GRESS, Frankfurt Am Main, 9th 
to 17th June. Hall 11, Stand B4. 


SELF-CONTAINED FURNACES 

with all controls and accessories nec- 
essary for efficient operation built 
into non-corroding asbestolite cases 


AUTOMATIC CONTROL 

on many furnaces and available as an 
alternative to manual control on all 
others. Safety devices protect furnace 
when left unattended 24 hours a day. 


AUTOMATIC TRANSFORMERS 
fitted toall high temperature furnaces. 


Gallenkamp -Towers 


SUPPLY THE WORLD'S LABORATORIES 


A. GALLENKAMP & CO. LTD. 
Technico House, Sun Street, E.C.2. 
Telephone: BIShopsgate 3211 


J. W. TOWERS & CO. LTD. 
Victoria House, Widnes, Lancs 

"Phone: Widnes 2040 

MANCHESTER: 44 Chapel St., Salford 3 
"Phone: Deansgate 4992 
STOCKTON-ON-TEES: 28 Bridge Road 
"Phone: Stockton 65141 





Incidental Information 


Items of interest 


from our laboratory notebooks 


> Simplified milk phosphatase test 
a = p-Nitrophenylphosphoric acid, disodium salt (di-sodium p-nitropheny! 
aa 


phosphate) is used as a substrate in the milk phosphatase test of 

- + Te Aschaffenburg and Mullen now gaining in popularity and recognition 

= because of its simplicity and speed. (See J. Dairy Res., 16, 58 (1949), 
and Dairy Ind., 18, 316 (1953)). 

© We make the reagent and can supply from stock. A suitable 


Lovibond Comparator for this test is obtainable from Baird & 
Tatlock (London) Ltd. 


y 
- 


> Karl Fischer catalyst 

This well known method for the determination of water is 
widened in scope and increased in precision by the use of Karl 
Fischer Catalyst (\-cthylpiperidine)—available with instruc- 
tions from Hopkin & Williams Ltd Please write for in- 
struction leaflet. 


> Uranium by spectrophotometry 

Our 1-(2-pyridylazo)-2-naphthol (PAN for short), already known 
as a metal indicator for complexometric titrations, (H. Flaschka 
and H. Abdine, Mikrochim. Acta, 770 (1956); Anal. Abs., 4, 794 
(1957)) is now described as a spectrophotometric reagent of high 
specificity for uranium (H. Shibata, Anal. Chim. Acta, 22,479 (1960)). 


> Sensitive reagent for Calcium 
We also make di-(o-hydroxyphenylimino) ethane (glyoxal-bis-(2- 
hydroxy anil)), a specific colour reagent for microgram quantities of 
calcium in solution. 
In the solid state calcium oxide can be detected in mixtures of mag- 
nesium, strontium and barium oxides. (D. Goldstein and C. Stark- 
Meyers, Anal. Chim. Acta, 19, 437 (1958)). Its use as a complexometric 
indicator is described by Goldstein in Anal. Chim. Acta, 21, 339 (1959). 


The above are further examples of the great range 
of up-to-date reagents made available 
by Hopkin & Williams Ltd. 


| FINE CHEMICALS 


for research, analysis and industry 
HOPKIN & WILLIAMS LTD., CHADWELL HEATH, ESSEX, ENGLAND 


Branches: London, Manchester, Glasgow Agents throughout U.K. and all over the world 
TASIHW.13 


% 





HIGH 
PURITY 





FOR HIGH PURITY WATER 
by 
DISTILLATION or DEIONISATION 
Consult: 
LOUGHBOROUGH GLASS COMPANY Ltd., 
LOUGHBOROUGH, LEICESTERSHIRE, ENGLAND 
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“ESCORUBBER” RUBBER 
SILICONE RUBBER and 
PLASTIC BUNGS 


In various qualities and many sizes 





“E.R.L.” HOLDERS for TEST TUBES, 
AMPOULES, BOTTLES, etc. 


dn 8 sizes either in black synthetic rubber, 
orange plastic or softer red organic rubber 


“ESCORUBBER” RUBBER 
and SILICONE RUBBER 
BOTTLE CAP LINERS 
Made in many standard sizes 
or to specification 








“E.R.P.” PLASTIC T 


Non-pyrogenic and non-toxic for Blood Transfusion, 
sterilizable at 120°C., flexible, excellent for general 
laboratory and hospital work, milk, various chemicals, 
hot water, etc. 


UBING 


Non-toxic, 





temperatures up to 200/250°C. 


= 


“ESCORUBBER” SILICONE RUBBER 
TUBING 


translucent, will withstand 





“H.R.S.'S.” 
PLASTIC TUBING 


Semi-elastic, non-toxic, trans- 
lucent, sterilizable at 120° C., 
excellent for various food- 
stuffs, milk and many other 
laboratory, hospital and 
industrial applications 





“E.R.L.” RUBBER FILTERING CONES 


CVAAASA 


for BUCHNER FLASKS 
In sets of 6 at 22s. 6d. per set 





“ESCORUBBER” RUBBER and 
SILICONE RUBBER SHEETS 


Made in various qualities and 
many sizes 





= 


‘E.R.L.” SILICONE RUBBER 
TOVERED MAGNETS for 
MAGNETIC STIRRING 
I” at 7s. 6d. each 
4" at 9s. 6d. each 
2” at 12s. 6d. each 





“ESCORUBBER” RUBBER and 
SILICONE RUBBER RINGS, SLEEVES 


Several standard sizes or made to 


and GASKETS 





specification 


“E.R.L.” RUBBER PIPETTE TEATS 


—~) 


Extra heavy, in 7 colours for 
identification purposes 
approx. 2} c.c. and Sc.c. 





“E.R.L.” DISPOSABLE PLASTIC 
BLOOD and SALINE 
TRANSFUSION SETS 


Advanced designs at competitive prices 


t —- 
a f 
“ESCORUBBER” CLOSURES 
for BLOOD and SALINE 
SOLUTION BOTTLES 
Ref. No. P2—made in high 
quality rubber, and used 
extensively by many well- 
known hospitals 








U 


“ESCOPLASTIC” PLASTIC 
PIPETTE TEATS 


with remarkable resistance to 
many chemicals 


Size No. | @ 60/- per gross 
Size No.2 @ 75/- » » 





“E.R.L.” APRON RUBBER 
BUNGS 


Designed for use with 
infectious materials 





“E.R.L./52” 


“ROUX” 
GLASS FLASKS 


Specially selected for high standard 
tissue culture work 


BOROSILICATE 


“ESCOPLASTIC” 
DISPOSABLE INJECTION 
APPLICATORS 


For effective and inexpensive 
injection of small volumes 
of liquids 











ESCO (RUBBER) LTD. 


Manufacturers of Rubber, Silicone Rubber and Plastic Products 


34/36, SOMERFORD GROVE - 


LONDON 


N.16 
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‘Gallia’ Moisture Meters bring fast accuracy within the reach 
of every Technician or Research Chemist. Precise moisture 
content of any product is read off directly on a calibrated 
scale—the determination being established by infra-red 


LI 


MOISTURE 
METERS 


the fastest, most accurate instrument ever designed 
for this purpose 





automatic thermo-balance and optical system. 


“GALLIA" Moisture Meter 


A luminous spot moving on a Cali- 
brated scale shows moisture con- 


tent percentage of any product 
placed under the infra-red heat 
source. Temperature is adjustable 
Correct drying temperatures can 
be determined. Precision of 

25%; with determination speed 
of 5-30 minutes. The perfect 
instrumentfor Works Technicians 



















Large Capacity 
Moisture Meter 


Tests larger or heavier 
samples; takes sample- 
dishes 250 mm. x 200 
mm. x22 mm., and will 
efficiently test samples 
weighing from 100 to 
1,000 grams. Accurate 
to . 05% with 100 grs 
samples, to 005% 
with 1,000 grs. samples 
Speedy, reliable accur- 
acy—automatically 


“GALLIA" Thermobalance 


Similar in operation to Moisture 
Meter, the Thermobalance is 
accurate to 05% with a deter- 
mination-speed of 5-30 minutes 
A laboratory instrument, Gallia 
Thermobalance facilitates isother - 
mal thermogravimetrical analysis; 
determination of weight-loss 


curves; conversion temperatures 
and decomposition thresholds 


Muilticell Oven 
Evaporates bulk of 
the moisture be- 
fore introducing 
sample into the 
Moisture Meter 
or Thermobalance 
for final reading 
Also a perfect dry- 
ing oven for other 
purposes 





CHECK: Water content in 
Raw materials @ Products during 
manufacture @ Finished products. 


DETERMINE: Alteration thresholds 
@ Percentages of Impurities @ 
Volatile Solvents @ Fatty Matter. 


PRODUCE Evaporation Curves. 


e- 222222? s 








2 














“GALLIA” 
MOISTURE METER IS— 


PRECISE—Accuracy of 05% obtainable on Thermobalance 
Evaporation and measurement take place inside the instrument 
thus ensuring complete accuracy 

RAPIDS to 30 minutes is usual, according to substance and 
humidity-percentage 

SIMPLE —Results are read off direct from the calibrated scale 
with no calculations 

RATIONAL — Deep penetration of infra-red heat into the sample 
obviously results in greater accuracy and greater speed 
ECONOMICAL _ The greater number of tests made possible by 
the Gallia’s speed; the absence of calculations: and the complete 
accuracy of determinations make Gallia che most economical of ail ' 
ADJUSTABLE Accurate adjustment of oven-heat to suit lany 
product is easily achieved 














Sole Agents for Great Britain and Eire: 


THE NORTHERN MEDIA SUPPLY 


“79% 11-12 BLANKET ROW, HULL, ENGLAND ~- Telephones: 35012 - 35455 - 26212 


767.926 
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«read the full story... 





in this month’s 


‘PYREX GLASS’ 


a technical bulletin distributed free by James A. Jobling to all who are in- 
terested in the advances now being made in the development of Laboratory 
and Scientific glassware. ‘Pyrex Glass’ is published every two months, and 


each issue includes specially written articles. 


TO RECEIVE FREE COPIES OF ‘PYREX GLASS’ REGULARLY 


please complete this coupon and post it to us 


Pyrex’ is the registered trade mark of james A. Jobling & Co. Led. 


This is the ‘Article of the Month’ in the current issue of ‘Pyrex Glass’, : 


we 


To The Industrial Sales Department, James A. Jobling & Co. Ltd., 
Wear Glass Works, Sunderland. 


Please send as copies of this issue of ‘Pyrex Glass’ and of all 
future issues, to: 
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RANK PRECISION 
INDUSTRIES LIMITED 


OFFER THE 
WIDEST RANGE OF 
T.V. EQUIPMENT 


and the know-how that goes with it! 


Extreme environmental cameras 

Slow scan cameras 

Radiation-tested nuclear T.V. cameras 
Taylor Hobson television lenses 
Colour television equipment 
Matching audio equipment 

Monitors and large screen projectors 
Telecine 


DAGE Mosel 1 01! tmage orthicon'tamera. 


4 
e 
& 
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* 
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2 
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— . 


For further information, please write to: 





The Professional Sales Manager, 
Television Department 











r& RANK PRECISION INDUSTRIES LTD 
BRANCHES: BELFAST - BIRMINGHAM - CARDIFF - GLASGOW - LEEDS - LIVERPOOL - MANCHESTER - NEWCASTLF 
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Firmasil can take it! 





GLASS FOR MEDICAL USE 


PETRI DISHES in hard flint glass, 
designed to withstand autoclaving. 


HYPODERMIC VIALS 
Biood Transfusion Sotties 


SPECIAL DESIGNS TO ORDER 
We can undertake the manufacture and supply 
of special apparatus to individual specification 


Full details, illustrated catalogue, and price list on request 


WOOD BROTHERS GLASS CO. LTD.. 
Apri 1961 LABORATORY PRACTICE 





Firmasil stands up to the worst 
rigours of laboratory and medical 
use with the utmost good-nature. 
A low expansion borosilicate glass 
with a low sodium oxide content, 
Firmasil is unaffected by alkalis and 
all acids except hydrofluoric. It also 
has a high degree of resistance to 
thermal shocks, and can be rapidly 
heated and cooled without breaking. 
Under normal conditions Firmasil 
can easily be “lampworked” with- 
out devitrification. 


FIRMASIL 


Borosilicate 
Glassware 





BARNSLEY, YORKSHIRE 
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flameproof FD RW WF DNS 


for glass flasks and columns 


Battery of Flameproof 
Isomantiles on 100 litre 
flasks at F. W. Berk. 





Special Flameproof 


Isotopes Apart from standard Isomantles, a full range of special 


equipment is available suitable for Flameproof areas 
groups I, II, III (Patent Number 713768) and accepted 
by the Authorities. This covers all flask sizes, 
cylindrical, reaction vessels with hemispherical bases 
and columns. Metal sheathed mineral insulated 
Laboratory heating elements lead into Flameproof glands and 
Flasks terminal boxes. The element temperature is of course, 
kept below the ignition point of gas mixtures present; 
manual regulators in Buxton certified enclosures or 
automatic intrinsically safe controls are provided. 
Fully described in catalogue LM (Glass Plant) and catalogue 
PLT (Metal Vessels)—do ask for copies 





Energy Regulator 
in Flameproof 
housing 





ISOPAD LTD. BARNET-BY-PASS. BOREHAM WOOD, HERTS. 
Phone: ELStree 2817/9 
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The method of choice in 
most laboratories today 


MULTODISK 


Regd. Trade Mark 


Code No. 
11-15F 


Patent No. 
774155 


THE 


MULTODISK’ 


for Bacterial Sensitivity Tests 


@ ACCURATE REPRODUCIBLE RESULTS 

@ ASSURED STABILITY 

@® SAVES TIME, SPACE AND MONEY 

@ MANY STOCK COMBINATIONS AVAILABLE 


FURTHER INFORMATION FROM: The Oxoid Division of Oxo Ltd., Thames House, Queen Street Place, London, E.C.4 
Telephone : Central 9781 


AN E> LABORATORY PRODUCT 
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laboratory 
powder 
mixer 


A fine 

instrument 

the 
WATSON 


‘Service’. . 


The ‘Service’ is to-day’s finest student 
laboratory microscope. It has simplicity, This small mixer with a trough capacity of ? cu. ft., 
allied with the highest quality in fact a fine is an extremely useful laboratory unit for blending 
example of the Watson Standard. small amounts of powders or for preparing con- 

It is built for a lifetime of constant use. centrates of various small quantity items prior to 
There is a comprehensive range of accessories blending with the bulk material. The contra-flow 
designed to make the ‘Service’ suitable for action of the spiral mixing blades rapidly produces 
‘ a thorough, homogeneous blend of the various 
powders, and also directs the mix to the discharge 
outlet in the base of the trough and discharge the 
contents when the valve is opened 

The drive is by $ h.p. motor through roller 
chain to geared reduction unit coupled to mixer 
shaft through a flexible coupling. The dimensions of 
the unit are: 36” overall length, 144” wide, 243 
high to top of cover and 34” high when the cover 
is open. 


more complex work. See the Watson 
‘Service’ before you make your decision, 
Write to us for full desc riptive literature, or 
arrange an appointment with one of our 
representatives. 

Since 1837 Watsons have been making fine 
optical instruments to the highest possible 


standard —the ‘Watson Standard’. 


WATSON 


W. Watson & Sons Ltd. THE PASCALL ENGINEERING CO LTD 
Barnet, Herts. GATWICK ROAD - CRAWLEY - SUSSEX 


Write or telephone Crawley 25166 for List MX2504 
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more 
tubing 


in 


production 


ITREOSIL 


pure fused quartz 


New production techniques are now 
speeding up deliveries of Vitreosil Fused 
Quartz Tubing—the most transparent 
manufactured material. 
It is impermeable, can be used 
repeatedly up to 1050 C., is inert to 
all acids except hydrofluoric, and 
has high light transmittance in the 
U.V. and LR. spectra. 
There are a wide range of diameters 
and two wall thicknesses—thin and normal. 


Full details on request 





all BRITISH 
Se 


wa 


('. the BEST 








THE THERMAL SYNDICATE LTD. 


P.O. BOX NO, 6, WALLSEND, NORTHUMBERLAND. Tel. - Wallsend 62 
LONDON: 9 BERKELEY STREET, Wut. Tel.: Hyde Park 1711/2 


* Registered Trade Mark 
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Joyce Instrumentation 


TRANSTABS 


Standard units are suitable for spectrophotometer supplies, lamp sources, etc. 
The use of the latest type power transistors together with the cast ailoy heat 
sink, permit the unit to operate at high ambient temperatures under adverse 
mains input conditions. 

Outputs from 2V to 20V with current ratings from 3A to 8A and stability 
ratios of 1,000 to 5,000 : | immediately available. Also units with an ancillary 
stabilised EHT supply up to 1,000V at 3ma. 








For further information write for bulletin from: 


JOYCE, LOEBL & CO. LTD. 
A8, PRINCESWAY, TEAM VALLEY TRADING ESTATE, GATESHEAD ON TYNE 11, CO. DURHAM 


CHRIST HERAEUS 





PICCOLO CENTRIFUGE DRYING OVEN FT 420 
Inside 16” x 14" x 12” 


6 x 15 ml Angle Head 
5,000 r.p.m. Temperature 220°C. Accuracy +4°C. 


> 
a 
Superior to 


all B.S. 
<4 requirements. 


- 
Price £17.10s. 


complete with tubes 


b4 M C ____—sCHudess Merchandising Corporation Ltd. 
. The Scientific Instrument Centre 


52 GLOUCESTER PLACE, LONDON, W.1 
WEL. 0431/2 
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METROVAC 
ROTARY 
VACUUM 

PUMPS 


MIETIROWAG 


VACUUM PUMPS 
AND EQUIPMENT » 


i, & 
% 


& 
= &z PB we: 


Booklets detailing the new A.E.1. 
range of ‘Metrovac’ rotary vacuum 
pumps, vacuum gauges, high vacuum 
unions and Kinney pumps are now 
available. 


Contact your local AEI District 
Office or write direct to :— 


instrumentation Division, 
Scientific Apparatus and 
X-Ray Department, 

Trafford Park, Manchester, 17 


instrumentation Division 
Associated Electrical industries Limited 
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ZEISS Spectrophotometer PMQ11 


A Universal instrument for 
chemical analysis with: 

Flame attachment 

Remittance attachment RA2 RA3 
Fluorescence attachment ZPM4 
Chromatogram attachment 
Microcell attachment. Tubular cell. 





Illustrated booklets of the range 
of ZEISS photometer equipment from: 





an poarseerene qeobardt 


forms the basis of the new Zeiss 
Spectrofluorimeter with two mono- 


oa 6 Cavendish Square, London, W.1 
Telephone: LANgham 6097/8/9 


HUN ML 
SPECIALISTS IN LABORATORY FURNISHING 


Our organisation is geared to deal with 


AND COMPANY LIMITED 











contracts from the original designing to the 
final fixing, including all services, 

wastes and extraction systems. We have 
been famed for Laboratory installations 
for over 70 years, and with the experience 
gained we confidently offer a service of 
the highest quality, whether for a simple 
school laboratory or for an advanced 
Industrial Research Laboratory. 

Our Laboratory brochure, which contains 


particulars of recent Industrial and Hospital 
installations will be gladly sent on request. 


THE NORTH OF ENGLAND 
SCHOOL FURNISHING CO. LTD. 


Tel. : 2708 DARLINGTON Tel.: 2708 
London Office: 30 Bedford Row, W.C.1. Tel.: Holborn 522] 
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JOHN MONCRIEFF LTD - PERTH - SCOTLAND 
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High Precision 


Stopwatches 


(SWISS 


Please write for price list to: 


ORME SCIENTIFIC LIMITED 


17-19 RUSSELL STREET, MANCHESTER, 1. 
Telephone: Ardwick 3690 and 5880 











Voltage Regulating Transformers 
and Line Voltage maganters 


% 
a from 250 - 580 VA Models 41 and 42 
g %* Universal fixing centres 


* Choice of ganged or automatic models 


THE NEW MODELS 71, 72 from!.5to 25KVA 
Self-aligning brush gear 


(PATENT PENDING) 


%* Universal fixing centres 


* 


%* Choice of ganged or automatic models 


Details available from:— 


THE BRITISH ELECTRIC RESISTANCE CO. Ltd. 
BE RCO Queensway - Enfield - Middlesex Telephone : HOWard 24!! 


aes ee Telegrams : Vitrohm, Enfield BR 16! 
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FOR 
COLORIMETRIC 
ANALYSIS 


Designed to provide an accurate, 
self-contained instrument combining 
the simplicity and convenience required 
for routine colorimetry with the extra 
versatility and high performance needed 


for research. 


Amongst the diversity of applications for which it is suited in a wide field of industrial analysis we 


include the following as a representative selection: 


AGRICULTURE WATER & SEWAGE TREATMENT 
Measurement of trace elements in soils, Trace determinations and chloride control. 
plants, etc. 


MEDICINE METAL & CERAMICS 
Biochemical analysis Analysis of metal alloys, silicate materials. 
Trace determinations, etc. 


FOOD MANUFACTURE & BREWING 
Trace element estimation. Liquid colour INDUSTRIAL EDUCATION 
analysis and control. Wide range of colorimetric tests. 


Further details and price of this remarkable instrument are available from the manufacturers : 


EVANS ELECTROSELENIUM LTD 


Sales Division 94, St. Andrew’s Works, Halstead, Essex. 
Telephone: Halstead: 2461 





SALES AND SERVICING AGENTS THROUGHOUT THE WORLD 
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(Protected by world-wide patents) 


The ‘Reciprotor’ is an ex- 
tremely robust twin-piston 
pump specially designed fcr 
combined vacuum/pressure 
duties and is operated by a 
system of permanent mag- 
nets. Completely enclosed 
and mounted on a special 
rubber base which effective- 
ly dampens vibrations, this 
pump is virtually noiseless, 
extremely light in weight 
and because it requires no 
lubricants, delivers abso- 
lutely oil-free air. 





PRICE: £25 
Type Pressure (max) Vacuum Free air displacement 
Quick delivery Ib/in2 in.Hg ft3/min 


Sole United Kingdom and British Commonwealth Agents 406G 78 18 
606G 10-7 22 


























MANO CRAWLEY 
EDWARDS HIGH VACUUM LTD Bin Pee 





The 


PATHOLETTE 
MICROSCOPE 


for teaching and 
routine work 


A revolutionary design 
with many advantages 


C. BAKER INSTRUMENTS LTD. 
METRON WORKS « PURLEY WAY 
CROYDON -SURREY CROYDON 3845-8 














RN 
alytical 


A growing range of instrument- 
ation for the Analytical and Control 
Chemist. 

Pulse Polarograph, Cathode Ray 
Polarograph, Manual Polarograph, 
Dissolved Oxygen Meter, Hydrogen 
Generator, Nilox Gas Scrubber, 
Potentiostat for studies at controlled 


anode or cathode potential, static and 
ow turbidimeter and absorptiometer, 
phthalic anhydride continuous 
absorptiometer. 


V 


INSTRUMENTS 
WITH THE USER IN MIND FROM 


Southern Analytical Limited 


FRIMLEY ROAD CAMBERLEY SURREY. TELEPHONE: 3401 
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LABORATORY APPARATUS 


ROYAL HORTICULTURAL SOCIETY'S NEW 


Photographs of some 
of the stands at 


the 1960 Exhibition 


od = | S ' 
% DON’T MISS THIS OUTSTANDING EVENT! 
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, MATERIALS EXHIBITION 


HALL WESTMINSTER LONDON S.W.1 


A SPECIALISED EXHIBITION 





Presented for the second year in succession 
to enable manufacturers and suppliers to show 
new equipment and materials which are in 
actual production, fully tested and readily avail- 


designed for use in laboratories of all kinds are 19, 20, 21, 22 
to be seen. 1961 


‘Laboratory Practice’ through its Scientific Sponsored by 
LABORATORY PRACTICE 


Advisory Committee, is again arranging an ausniinietts 


BRITISH LABORATORY WARE 
ASSOCIATION LTD 


able. Only apparatus and materials specifically 


important programme of twelve lectures cover- 
ing recent advances in laboratory techniques. 
Each lecture will be given by a specialist in the 
subject, under the chairmanship of an . 
acknowledged authority in om sete Note the JUNE 19 Must visit 

The programme will be published in dates in _— phe, labo : 


a later issue of this journal. 7 / 
Tae Ape 


EXHIBITION—THE NEXT WILL NOW ' —a_ 


NOT BE HELD UNTIL 1963 om 





Organised by U.T.P. Exhibitions Ltd.. 9 GOUGH SQUARE, FLEET STREET, LONDON, E.C.4 
Phone: FLEET STREET 3172 
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A MICROBE COULD 
DESTROY A MISSILE 


GUIDED MISSILES depend for their accurate func- 
tioning on incredibly sensitive and delicate in- 
struments. Their mechanisms are machined to 
within one millionth of an inch. Therefore, if 
even the most minute particles get into the 
hydraulic control system, a failure could occur 
when the missile is fired. Consequently, micro- 
filtration of the hydraulic fluid is essential and, 
as a check on its efficiency, increasing use is 
now being made of Oxoid Membrane Filters. 

These filters, made of Cellulose Acetate, have a 
pore size of 0.5 to 1.0 micron and will permit rapid 
filtration of fluids and gases. 

Oxoid Membrane Filters were primarily de- 
veloped for the bacteriologist and are widely 
used for the bacteriological examination of 
fluids and in sterility testing. A range of special 
Oxoid culture media for the membrane filtra- 
tion technique will shortly be available. 


FOR PROGRESSIVE LABORATORIES MEMBRANE FILTERS 


For information about OXOID Membrane Filters and 
the new OXOID range of membrane filtration media 
in tablet form, write to: The Oxoid Division of Oxo 
Limited, Thames House, Queen Street Place, London, 
E.C.4 (Central 9781). 


LABORATORY PRACTICE APRIL 1961 





LABORATORY 
PRACTICE 


RESEARCH CONTROL TEACHING 
Vol. 10 APRIL 1961 No. 4 


Scientific Advisory Committee 


Professor Sir Charles Dodds, M.V.O., D.Sc., M.D., F.R.C.P., F.R.S. - Professor H. D. Kay, C.B.E., D.Sc., Ph.D., F.R.S 

Professor George |. Finch, M.B.E., D.Tech.Chem., F.inst.P., F.R.S. - Edward Hindle, M.A., Sc.D., Ph.D., F.R.S 

Professor A. A. Miles, C.B.E.,M.A.,M.D., F.R.C.P. - Sir Robert Robinson, O.M., M.A., D.Sc., Se.D., LL.D., F.R.I-C., F.R.S 
Professor S. Tolansky, D.Sc., Ph.D., D.I.C., F.R.S. - J. G. Davis, D.Sc., Ph.D., F.R.1.C. 





In view of the fact that Sir Alexander Fleming was one of the original members 

of the Scientific Advisory Committee of this journal, we are particularly 

pleased to be able to associate ourselves with the world-wide appeal for the 
Fleming Memorial Fund for Medical Research. 


SPECIAL ISSUE 


in support of 


THE FLEMING MEMORIAL FUND FOR MEDICAL RESEARCH 
CONTENTS 


Page 











FOREWORD, by Lord Birkett, P.C. . ; . 216 MODIFIED PENICILLINS, by E. B. Chain, F.RS. . 


THE FLEMING MEMORIAL FUND FOR MEDICAL BASIC MEDICAL RESEARCH AND THE FUTURE, by 
RESEARCH, by Viscount Tenby, P.C., T.D., j.P., Sir Charles Dodds, M.V.0., M.D., D.Sc., F.R.C.P., F.R.S 


(Chairman of Council) 


1961 BRITISH AND INTERNATIONAL APPEAL— 
yA cay ) FORTHCOMING CONFERENCES . 242 


FLEMING—THE MAN, by Robert Cruickshank, M.D., RECENT BRITISH STANDARDS. - 243 


F.R.C.P.,D.P.H.. — « NEWS FROM THE BRITISH ASSOCIATION OF 


THE STORY OF THE DISCOVERY OF PENICILLIN, CHS sl 244 
by A. Neuberger, M.D.,Ph.D.,F.RS. .  . LABORATORY EQUIPMENT AND APPLIANCES . 245 


EARLY WORK AT OXFORD ON PENICILLIN, by "Se ne | em anatg towne. 


N. G. Heatley, M.A., Ph.D. 
CATALOGUES, BROCHURES & LEAFLETS. 


PENICILLIN PRODUCTION OVER TWO DECADES, 
by D. J. D. Hockenhull, M.A., Ph.D. . ; 231 MEETINGS FOR THE MONTH. . , . 250 


Annual Subscription £2 5s. 0d., postage free (U.K. only), $7 (U.S. and Canada), £2 10s. Od. (other countries). Single copies 4s. 
UNITED TRADE PRESS, LTD., 9, Gough Square, Fleet Street, London, E.C.4. 
Telephone: Fleet Street 3172 Telegrams: Markeba, London. 

APRIL 1961 LABORATORY PRACTICE 





FOREWORD 


by 


LORD BIRKETT, pP.c. 


& PRESIDENT of The Fleming Memorial 
Fund for Medical Research it gives me 
pleasure to welcome this special issue of 
‘Laboratory Practice’. Penicillin has so rapidly 
become an accepted part of our lives that there 
is always a danger of its being taken too much 
for granted, even among those most closely 
concerned with it. This special issue will serve 
to remind us not only of the magnitude of the 
achievement involved in its discovery, develop- 
ment and application, but also of the wide 
fields of research and achievement which are 


still untrodden. 


The Fleming Memorial Fund is concerned 
not only with honouring the past but coping 
with the future. Basic medical research is an 
endless and expensive struggle against the 
resilient forces of disease, requiring devoted 
attention to problems which by their very 
nature can never be solved either easily or 
speedily. The Fund is enlisting the support of 
men and women in many countries to foster 
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and encourage research in medical science and 
to combat the diseases which still afflict 
humanity. The Memorial Fund contemplates 
assistance to research on a great scale, and it 
will need money on a great scale too. But 
however great the public response, the achieve- 
ments of the future, be they small or large, 
still depend on the spirit of those whose lives 
are dedicated to laboratory research. 

The Fund will assist research but it cannot of 
itself inspire the work. This special number of 
‘Laboratory Practice’ clearly shows that success 
depends not only on sudden inspiration but 
more often on dogged patience and prolonged 
teamwork by those inspired to conquer disease 


from the laboratory. 
Raker 


ae... 
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THE FLEMING MEMORIAL FUND FOR 
MEDICAL RESEARCH 


by Viscount Tenby, P.C., T.D., J.P., (Chairman of Council) 


WELCOME this special issue 

of ‘Laboratory Practice’, and | 
am glad to have the opportunity it 
affords of telling how The Fleming 
Memorial Fund for Medical Re- 
search has come into being and 
saying something about its aims 
and international scope. 

A little over two years ago a 
handful of medical scientists and 
interested laymen felt that the time 
had come to make a determined 
effort to commemorate in worthy 
fashion, nationally and internation- 
ally, the late Sir Alexander Fleming, 
discoverer of penicillin—one of the 
greatest advances ever made in 
medical history. In the course of 
those early days it was no surprise 
to me, on being asked to become 
Chairman of the first committee— 
which I felt both glad and honoured 
to accept—to find St. Mary’s 
Hospital, the Wright-Fleming Institute and the Sir 
William Dunn School of Pathology at Oxford well 
represented among those already concerned. 

Almost at once we were able to agree that any 
commemoration of such a benefactor to the human 
race must be nationally, and even internationally, 
conceived. And so, in those early days, one of our first 
tasks was to set about securing official co-operation 
and representation in our project from major medical 
bodies and universities in this country; and to assemble, 
as we were able quickly to do, a group of distinguished 
individual persons widely representative of a great 
many fields of our national life. 

Simultaneously, we set about two equally important 
tasks: the drafting of a Trust Deed—and the assembly 
of an outstanding Board of Trustees—so that such 
funds as we could collect should be wisely and im- 
partially administered; and the drafting of a statement 
of aims—clear, comprehensive and effective. These 
tasks were not easy—for the responsibility of providing 
adequate commemoration for one so intimately 
concerned in such a major British achievement was a 
heavy one. 

My colleagues and | today are both proud and 
grateful for the distinguished composition of the Fund’s 
Board of Trustees and Council; and we believe that the 
statement of aims and the Trust Deed are fit instruments 
for our cause. 
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Viscount Tenby, P.C., T.D., J.P., 
Chairman of Council 
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Aims of the Fund 
The aims of The Fleming Memorial 
Fund for Medical Research are to 
advance and extend basic medica! 
research designed to elucidate the 
causes of disease and to assist in its 
prevention and cure. The Fund re- 
cognizes that the need today, as 
always, is for men of outstanding 
ability—and for funds to support 
them. And so, to achieve its aims, 
the Fund decided: 

To seek the widest possible support 

—by a national and an inter- 
national appeal ; 

To encourage research in medical 
science—in biochemistry, micro- 
biology, pathology and other 
appropriate fields; 

To devote moneys raised to medical 
research and to national and 
international fellowships; for the 
first, by practical assistance in 

wayS appropriate to their needs, for organizations 
engaged in research in medical science—and in 
particular those which gave penicillin to the world; 
and for the second, by the creation of national and 
international fellowships for medical research at 
universities and research institutions, in the first 
instance in Great Britain and the Commonwealth, 
and provision of grants similarly. 


Case for the Fund 

To readers of this journal there is no need for me to 
plead the cause of basic medical research, or the need 
for financial support of it. But it may be helpful to 
state the reasons for our belief that one of the best ways 
to provide the latter is by increasing the all too small 
number—at least in Britain and many other countries 
of independent Funds and Foundations. To us it has 
seemed that the independent fund is more flexible; 
that it is more practicable for such a body to make 
grants to gifted individual scientists of proven ability; 
and that it can shorten the time needed for assessment 
of applicants’ research intentions or requests for 
up-to-date equipment, often very expensive. We came 
to the conclusion, too, that universities today have to 
place such emphasis on grants for directly educational 
requirements and commitments that they are hard 
pressed to provide priority support to medical research 
from their own resources. And, all the time, we were 
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mindful of the great expansion—resulting from 
increasing demand—which has taken place in recent 
years in the whole field of medical research. 


The Fund’s Specific Function 

The Fleming Memorial Fund has, therefore, a specific 
and important function to fulfil; to enlarge the oppor- 
tunity for real freedom in medical research methods 
and the adoption of new approaches in scientific 
investigation. The Trust Deed authorizes the support 
of any area of research in basic medical science, but our 
Trustees know the need to avoid overlapping with the 
fields of activity already supported by existing founda- 
tions. They will be ready to consider cases presented to 
them by any basic medical research institution or 
individual medical scientist. 

It is often invidious to mention names in an enterprise 
in which so many are concerned; but the composition 
of our first Board of Trustees is so well fitted to its 
heavy responsibilities that I would like to say something 
about them, and the perhaps unique combination of 
international experience and all-round medical research 
knowledge which they represent. 

Their Chairman, Lord Heyworth, was for many 
years the head of one of the world’s great international 
groups—Unilever. The three ‘scientific’ members are 
all Fellows of the Royal Society and their official 
professorships and duties cover the fields of bio- 
chemistry, biology, comparative anatomy and physi- 
ology. And, in addition, I have only to mention their 
names—Sir Lindor Brown, Sir Hans Krebs and 
Professor Peter Medawar—to make it clear that the 
sum total of ail their knowledge and experience covers 
a very wide spectrum. Furthermore, the Fund's 
Scientific Advisory Committee is headed by Sir Charles 
Dodds, both he and his colleagues being internationally 
known in the world of medical research. 

It would be hard too to think of three men embracing 
a more thorough knowledge of administration and 
affairs than the three ‘lay’ members of the Board of 
Trustees—Viscount Crookshank, Sir Henry D. Hancock 
and Lord Sinclair of Cleeve. 

The Trust Deed specifically lays down that the 
Board has powers to appoint advisory panels to assist 
them in the various aspects of their task. And so, I 
believe, no Fund such as ours could be better served in 
this respect—and I know that the Board will command 
universal confidence in their international task. 


1961 Appeal 

The Fund naturally hopes to raise a very large sum of 
money, not only in Britain but in as many countries of 
the world as possible—for the financial needs for 
support of basic medical research are vast. It has 


seemed proper to my colleagues and myself, however, 
that Britain should provide the spearhead in this great 
effort. To this end the latter part of 1960 and the first 
two or three months of this year have seen a steady but 
unpublicized series of approaches to various fields of 
British commerce and industry; and we are grateful to 
have been able to make the public announcement of 
the Fund last month on a firm base of over £160,000 
already raised from these quarters. 

We have declared an initial British target, as a whole, 
for our once-and-for-all 1961 appeal at £1,000,000; 
and I have hopes that this will be exceeded. 

Overseas, we know already of a number of national 
appeal committees, led by generous and devoted 
people, from whose work I hope that large sums of 
money in all will also be raised. 

From several countries, too, the Fund has already 
received donations at Government level, and it is 
encouraging to realize that they appreciate both the 
rightness of paying tribute to an outstanding medical 
achievement and the need to invest wisely for the future 
against the resilience and strength of disease in its 
many forms. 

Lastly, within the compass of this brief account of 
the Fund, may I stress one source of strength under- 
lying both the concept and the intention of the Fund? 
Fleming, we know, with all his other qualities, was a 
man with a strong sense of the practical. If he were ever 
to have considered— in all humility—whether his death, 
as well as his life, could be of service to mankind, we 
know not only from his published speeches and 
lectures, but also from his devoted widow, herself a 
medical scientist, that he regarded the progress of 
basic research in medical science as of paramount 
importance. And we know, too, how much in sympathy 
he was with some words of another great medical 
scientist—Lister—who described the objective of his 
work as ‘the means of reducing, in however small a 
degree, the sum total of human misery’. He would, 
therefore, have approved of the objectives of the Fund. 

The Fleming Memorial Fund for Medical Research 
has set itself the same objective—and it believes that it 
will prove that its confidence in achieving some measure 
of success will not be misplaced. For there can be few 
families throughout the world which have not them- 
selves benefitted from the use of penicillin in therapeutic 
medicine or in surgery, and from the other antibiotics 
which have followed. 

May I then end by appealing to all readers of these 
pages to make the existence of the Fund as widely known 
as it is in their power to do, and to encourage all organiza- 
tions and individuals to contribute as generously as 
possible, either to their own national or regional appeals, 
or direct to the Fund’s headquarters at 26 Upper Brook 
Street, London, W.1. 
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THE FLEMING MEMORIAL FUND FOR MEDICAL RESEARCH 
1961 


BRITISH AND 


INTERNATIONAL 


APPEAL 


The following donations—in response to an advance private appeal to 

certain sectors of British industry and commerce, before the launch- 

ing of the Fund in mid-March 1961—were among those gratefully 

received, at the time of going to press of this special edition of 
‘Laboratory Practice’ 


Sir Edward Lewis £10,000 
Shell International Petroleum Co. Ltd. £10,000 
Unilever Limited £10,000 
*Beecham Group Ltd. £7,000 
*John Wyeth & Brother Ltd. £7,000 
The British Petroleum Co. Ltd. £5,000 
*The Decca Record Co. Ltd. £5,000 
The Distillers Company Ltd. £5,000 
The Enzlish Electric Educational & 
Charitable Trust £5,000 
Glaxo Charity Trust £5,000 
*Arthur Guinness Son & Co. (Park Royal) 

Limited £5,000 
*Imperial Chemical Industries Ltd. £5,000 
*The Prudential Assurance Co. Ltd. £5,000 

J. Arthur Rank Group Charity £5,000 
Joseph Rank (1942) Charity £5,000 
*Tube Investments Ltd. £5,000 
*Legal and General Assurance Society Ltd. £4,080 
*Parke, Davis & Co. £3,500 
*The United Molasses Co. Ltd. £3,500 
Pear! Assurance Co. Ltd. £2,500 
The Corporation and Members of Lloyd's, 
and Lloyd's Brokers £2,000 
Tobacco Manufacturers Standing Committee £2,000 
*Turner & Newall Ltd. £1,750 
*Associated Portland Cement Co. Ltd. £1,730 
*Tate & Lyle Ltd. £1,714 
*Sun Fire and Life Offices £1,713 
Cadbury Brothers Charitable Fund £1,500 
Reckitt & Colman Holdings Ltd. £1,500 
*Alliance Assurance Co. Ltd. £1,142 
*Britannic Assurance Co. Ltd. £1,142 
*Commercial Union Assurance Co. Ltd. £1,142 
*Albert E. Reed & Co. Ltd. £1,142 


*Royal Insurance Co. Ltd 

*The Tunnel Portland Cement Co. Ltd. 
*Booker Brothers, McConnell & Co. Ltd. 
*Eagle Star Insurance Co. Ltd. 

Thomas Hedley & Co. Ltd. 

Bank of England 

The Worshipful Company of Brewers 
*W. E. Butlin, Esq. 

Champion Sparking Plug Co. Ltd. 

De Beers Consolidated Mines 

John Laing & Son Ltd. 

The Godfrey Mitchell Charitable Trust 
*Rowntree & Co. Ltd. 

Taylor Woodrow Charity Trust 

Allied Suppliers Ltd. 
*The British Plaster Board (Holdings) Ltd. 
*Castrol Ltd. 

Friends Provident and Century Life Office 
Guardian Assurance Co. Ltd. 

Henckel! Du Buisson & Co. 

The Yorkshire Insurance Co. Ltd 
*British Sugar Corporation Ltd. 
*W. J. Bush & Co. Ltd. 

Refuge Assurance Co. Ltd. 

Barclays Group of Banks 

J. Bibby & Sons Ltd. 

Equity and Law Life Assurance Society Ltd. 
R. J. Fleming, Esq. 

Lloyds Bank Ltd. 

B. M. Mavroleon, Esq. 

Midland Bank Ltd. 

National! Provincial Bank Ltd. 

Petrofina (Gt. Britain) Ltd. 

Westminster Bank Ltd. 


*Gift by covenant. 
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FLEMING— 


THE MAN 


by Robert Cruickshank, M.D., F.R.C.P., D.P.H. 


Department of Bacteriology, University of Edinburgh 


LEXANDER FLEMING, always known as Alec, 

was the youngest but one in a family of eight; he 
was born at Lochfield, an upland farm near Darvel in 
Ayrshire, on August 6, 1881. He had his early schooling 
in a small country school at Loudon Moor, then at 
Darvel four miles distant, and after that for 18 months 
at Kilmarnock Academy. His father died when he was 
seven years old and at 14 years of age Alec went to 
live with a doctor brother in London where he continued 
his education for two years by attending the Polytechnic 
Institute in Regent Street. The next four years were 
spent as a clerk in a shipping office in the City but on 
the advice of his brother and with the help of a small 
legacy from an uncle, Alec Fleming in 1901 became a 
student at St. Mary’s Hospital Medical School where 
besides the Senior Entrance Scholarship in Natural 
Science, he won practically every class prize and 
scholarship. In 1908 he qualified M.B. B.S. of London 
University with honours in five subjects and the 
University Gold Medal and a year later he became a 
Fellow of the Royal College of Surgeons having taken 
the primary examination as a student. As his colleague, 
Sir Zachary Cope, has said ‘Surgery might have 
gained what Bacteriology would have lost; yet Surgery 
gained infinitely more as things fell out’. 

After qualification Fleming began his association 
with Almroth Wright as an assistant bacteriologist in 
the Inoculation Department in St. Mary’s Hospital, 
where he was to stay for the rest of his working life 
except for a period of four years during the First World 
War when he went to France with his chief and other 
colleagues to study war-wound infections. 


Photograph of Sir Alexander Fleming by Karsh of 


Ottawa. 
ApriL 1961 


Boyhood 

But let us go back for a little to his boyhood on the 
farm. The Flemings were physically attractive boys 
with vivid blue eyes, frank, open expressions and a way 
of looking you straight in the face. Alec was a sturdily 
built boy with fair hair, an unusually high forehead and 
a sweet smile. He spent most of his boyhood days with 
his two brothers, John (two years older) and Robert 
(two years younger). A large farm in the heart of the 
country is an ideal place for lively boys with a gift of 
curiosity to grow up in, and when these boys were not 
at school they explored the valleys and the moors. They 
fished for trout and learned to know the habits of that 
wily fish. On the moors there were hares and rabbits 
and although the boys had no guns, they became adept 
at poaching for rabbits. There was an abundance of 
birds on the hills and besides getting to know the birds 
these boys learned how to look for birds eggs such as 
those of the lapwing, the partridge and other small 
birds. As Fleming himself has said: ‘I was fortunate in 
being brought up as a member of a large family on a 
remote farm. We had no money to spend and there was 
nothing to spend money on. We had to make our own 
amusements and that is easy in such surroundings. We 
had the farm animals, the trout and the birds. We 
unconsciously learned a good deal about nature much 
of which is missed by a city-dweller’. 

At the age of ten, Fleming left the little moorland 
school and went to school at Darvel, the nearest 
town. This meant a walk of four miles every morning 
and evening and these long journeys on foot made of 
him in later years a man who scarcely knew what it 
was to be tired. Two years later a decision had to be 
taken about his future schooling and it was decided 
that he should go to Kilmarnock Academy, the best 
secondary school in the neighbourhood. The Scots 
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have, of course, a great respect for learning since 
many of them have to leave their native land and carry 
on the fight for success in England so that a well- 
educated mind is a real asset. 

Alec, in fact, took the road to London at the age of 
134 years. His brother Tom was a doctor and had 
recently set up as an eye specialist in the Marylebone 
Road. Alec and his two brothers went to live with him 
and immediately Alec went to the Polytechnic to 
continue his education; but after two years there, he 
left and started life as an office boy in the City of 
London where he earned the princely sum of 2}d. an 
hour. Of this period he later said: ‘I learned nothing 
academic but I gained much general knowledge and 
when I went to the medical school I had a great advan- 
tage over my fellow students who went straight from 
school and had never got away from their books into 
the school of life’. It is true that he had this advantage 
but he owed it perhaps more to the 14 years which he 
had spent in the countryside in Scotland. There he had 
learned without effort to use his powers of observation. 
As a boy he had, without realizing it, become a 
naturalist with a habit of noticing everything that 
went on around him. He remained a naturalist to the 
end of his days with an intense interest in, and know- 
ledge of, the natural phenonema of the countryside. 
Tramping the upland moors and learning the shorter 
catechism, he once told a reporter, had been strong 
formative influences in his life. 


Student and Laboratory Worker 

As a student Fleming had the advantage of a very good 
memory but already in his student days he was develop- 
ing his critical faculty. As his brother Bob says: “When 
he read a medical book he flipped through the pages 
very rapidly and groaned out loud when he caught the 
author making a mistake. There was a great deal of 
groaning’. However, he was no book-worm and was 
always ready to throw the books aside to play games 
with his brothers. 

His greatest rival in these student days was Charles 
Pannett who later was to become the Professor of 
Surgery at St. Mary’s Hospital. ‘During our student 
days,’ says Pannett, ‘Il competed with him for a number 
of prizes but since I always came out second, I soon 
gave up the unequal struggle’. Besides studying his 
medical books, Fleming also studied his teachers and 
seemed to develop an intuitive instinct for the kind of 
questions that were most likely to be set in the 
examinations. 

This was the time of the Boer War and Fleming, with 
his brother Bob, joined H Company of the London 
Scottish and for the next 14 years he remained a private 
in the regiment. Alec loved this life because it brought 
him into contact with other Scots. Many years later 
when he was a famous man he took the chair at one 
of the reunion dinners of the old-timers of H Company 
and he had this to say about his experiences in the 
London Scottish: ‘You have had as chairmen at these 
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reunions, colonels, captains, sergeant-majors and such- 
like. But this is probably the first occasion on which 
a humble private has presided. As a member of the 
regiment I was always humble. I never disputed an 
order given by a sergeant or even a lance-corporal. To 
be humble was a great advantage. There was no need 
for you to think: you just did as you were told. It is a 
wonderful thing in a Company to remain a private and 
to watch others doing the climbing. They do it in such 
different ways but all of them are interesting.” 


Alec became a very good shot and helped his 
Company to win a number of prizes at Bisley. This 
capacity also led to his joining the team that Sir Almroth 
Wright was beginning to build up since a member of 
that team, John Freeman who was also interested in 
shooting, picked Fleming because of this common 
interest. It may be recalled that Fleming himself went 
to St. Mary’s because he had played water polo against 
the St. Mary’s team and this exemplifies an early and 
abiding interest in various sporting activities. 

In later life, Fleming who was not ordinarily given to 
philosophizing, spoke to the students about the value 
of sports: “There are some people who think that 
medical students should spend all their time learning 
medicine and give up games. I don’t agree. If a student 
gave up all games and spent all his time reading text- 
books he might know his books better than the next 
man. I say “might” for it is by no means certain that 
he would. He would probably have a better knowledge 
of what was written in the books but not of the meaning 
of what he read. You should know even at this stage of 
your career that there is far more in medicine than 
mere book work. You have to know men and you have 
to know human nature. There is no better way to learn 
about human nature than by indulging in sports, more 
especially in team sports. Play games and you will be 
able to read your books with a greater understanding 
of your patients and that will make you better doctors’. 

From the beginning of his career as a bacteriologist, 
Fleming came under the influence of Almroth Wright, 
a dynamic Irishman with a most fertile mind and a 
great gift for language. It must have been difficult for 
the young, modest, taciturn Scot to maintain his 
individuality in the presence of this dominating master, 
but it is obvious from the comments of his colleagues 
of that time that Fleming quite soon established for 
himself a reputation as a first class worker with a 
critical mind. He was very deft and ingenious at the 
handling of laboratory apparatus. In his hands glass 
was made to serve the needs of the moment and it was 
pure joy to watch him construct with incredible speed 
some complicated piece of apparatus. In this sense he 
was truly the artist and his colleagues always spoke of 
his work in terms of art. “That experiment of Flem’s’ 
someone would say, ‘was a perfect little work of art’. 
Indeed, Fleming always practised what he preached 
that the bacteriologist should be his own technician: 
he made many valuable technical contributions to his 
subject. 
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The Man 


In the assessment of a man’s achievements and character 
it is always rather difficult to disentangle the relative 
influences of heredity and environment. There can be 
no denying the influence of the early experiences on the 
Ayrshire farm or of Almroth Wright and others in the 
Inoculation Department in moulding the life and 
shaping the destiny of the discoverer of penicillin. But 
these outside influences could not mask the innate 
qualities of a man who through all his trials and 
triumphs remained staunchly true to himself and to his 
ancestry. For Fleming had to a remarkable degree 
those qualities which we attribute to the Scots: a 
capacity for hard and sustained work, a combative 
spirit which refuses to admit defeat, a steadfastness and 
loyalty which creates respect and affection, and a true 
humility which protects against pretentiousness and 
pride. 

André Maurois in his excellent biography of Fleming 
begins with the paragraph: “The Scots are not English- 
men—far from it. They have often governed England; 
they have given to Great Britain many of her leading 
men; they have ranked among her greatest soldiers but 
they think of themselves as belonging to a different 
race and with good reason’. And again: ‘Poverty 
combined with severity of manners produced a race of 
dour, courageous men. The soil of their country was 
far from rich, means of communication were largely 
lacking, the climate was harsh. A Scottish farm could 
support only a single family. Younger sons left home, 
some for the University where they lived frugally 
sometimes off the oatmeal which they took with them 
in a bag slung over their shoulders and later for 
England where many of them achieved brilliant success 
by dint of sheer hard work’. Fleming was in this respect 
a very typical Scot. He had a natural combativeness 
and an urge to win which was very apparent in the 
games he played. The first time I met him socially he 
produced a ‘dambrod’ after dinner and proceeded to 
trounce me at draughts. He was equally hard to beat 
at snooker when he dropped in for a game at the 
Chelsea Arts Club on his way home from work, or at 
‘golf-croquet’ which he played with great skill and guile 
on the lawn at his country house, the ‘Dhoon’. This 
determination to succeed was evident in his tackling of 
laboratory problems when he took delight in exercising 
his technical skill and inventiveness to overcome 
difficulties. 


He had also a tremendous constancy and loyalty to 
his friends and colleagues, to the Inoculation Depart- 
ment, to St. Mary’s Hospital and to its staff and 
students and this quality of steadfastness inspired the 
confidence of his companions which was never mis- 
placed. He was a shrewd judge of men but was tolerant 
of weaknesses in his friends and colleagues. I do not 
remember ever hearing him speak ill of anyone although 
he had decided likes and dislikes. He was not an easy 
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man to know well partly because of his natural reluct- 
ance to talk and express his feelings. He was not a 
conversationalist and awkward silences were sometimes 
broken by awkward remarks. As one visitor put it: 
‘Talking with Fleming was like playing tennis with a 
man who, whenever you knocked the ball over to his 
side, put it in his pocket’. But this was shyness, not 
intentional rudeness for he liked company and had 
many friends in various walks of life before he became 
famous. 

A rather unexpected quality in this undemonstrative 
Scot that was best known to his immediate colleagues 
was his craftsmanship and artistry. His association with 
the Chelsea Arts Club and some of its members 
therefore gave him particular satisfaction and an outlet 
for his artistic sense for he enjoyed beauty wherever he 
saw it. He was a keen and expert photographer and had 
become a devotee of colour and stereoscopic photo- 
graphy. Just a few days before he died he had been 
showing us with a new stereoscopic projector some 
beautiful pictures in colour which he had taken of the 
Grand Canyon and other American scenes. On his 
return visits abroad he was always to be found in the 
dark room developing and printing the pictures he 
had taken. 

As I knew him, Fleming was short and stockily 
built with powerful square shoulders and a deep chest, 
fresh complexioned with a fine broad forehead, 
intensely light-blue expressive eyes and for many years 
a good crop of snowy white hair. He had great powers 
of physical endurance and in the days when burning 
the midnight oil was a regular performance in the 
Inoculation Department, Fleming was always the first 
to appear, fresh and fit, the following morning. Later 
he seemed to stand up astonishingly well to the heavy 
journeyings and junketings he had to undergo and he 
kept his freshness and jaunty step to the end. He was 
also mentally tough and could conceal his feelings 
better than most; yet he was sensitive and sympathetic. 
Indeed one remembers vividly how, despite a very busy 
life, he always found time to visit his sick friends. He 
enjoyed the simple things in life and was not impressed 
with the grandiose. A collection of signatures or a 
letter from a child or from some illiterate person who 
had benefited from penicillin gave him as much joy as 
the gold medals and honorary degrees. But, like most 
Scots, he had a ‘guid conceit’ of himself and readily 
commanded respect from his colleagues inside and 
outside the Institute. Yet he was essentially a humble, 
simple man who to the end remained remarkably 
unspoiled and unchanged despite all the honours that 
were showered upon him. At his death, tributes to his 
name and fame poured in from ‘kings and commoners’ 
in almost every country in the world. Fleming and 
penicillin had become intimately linked in the public 
mind and Alexander Fleming will take his place in 
history with Pasteur and Lister as the man who 
introduced the antibiotic era in medicine. 
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The Story of 


THE DISCOVERY OF PENICILLIN 


by A. Neuberger, M.D., Ph.D., F.R.S. 


St. Mary's Hospital Medical School, London, W.2 


ELL-DEFINED chemical substances such as 

mercury compounds or quinine have been used 
for a very long time in the treatment of infectious 
diseases, but the first systematic effort to put chemo- 
therapy on a scientific basis was made by Paul Ehrlich. 
He defined the aim of the new science as the discovery 
of substances which either killed the pathogenic 
micro-organism or interfered with its multiplication 
without inflicting any harm on the tissues of the host. 
It was Ehrlich who used the art of organic chemistry to 
modify the structures of potential chemotherapeutic 
compounds and tested his substances on laboratory 
animals before administering them to the human 
patient. Whilst he made many outstanding contribu- 
tions to haematology, immunology and cellular 
physiology, his name will always be linked with the 
discovery of salvarsan, the most successful anti 
syphilitic agent until 1945. For the 25 years following 
the paper by Ehrlich and Hata on organic arsenicals, a 
considerable amount of work was done with the aim of 
discovering new antibacterial substances; but these 
efforts were largely unsuccessful, although various 
compounds such as diamidines or suramin were found 
which were useful in the treatment of infections caused 
by protozoa. In 1935 Domagk reported the remarkable 
activity of ‘Prontosil’ against a variety of bacteria and 
it was soon shown that the effect of this drug was due 
to its conversion to a sulphonamide derivative in the 
body. D. D. Woods then demonstrated that the action 
of this type of compound is caused by the fact that it 
antagonizes p-aminobenzoic acid, a structural unit of 
folic acid which, as discovered some years afterwards, 
is a growth factor for microbial and animal cells. 
Sulphonamides are active against a large number of 
pathogenic micro-organisms and they are still used in 
the treatment of a considerable number of infectious 
diseases. However, many types of organisms are not 
very sensitive to these drugs and if too large amounts 
of sulphonamides are given, toxic effects are produced 
in the patient; this is not unexpected as sulphonamides 
will also interfere with essential metabolic processes in 
the host. 

Domagk’s work was published in 1935, but six 
years previously Fleming had already reported the 
isolation of penicillin in a crude form. In a paper 
published in the British Journal of Experimental 
Pathology he described how staphylococcus colonies on 
a bacterial plate were lysed by a contaminating mould. 
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He identified the fungus as a strain of Penicillium which 
was later shown to belong to the species Penicillium 
notatum. He showed that the new antibacterial sub- 
stance was moderately stable to heat, was filtrable and 
was soluble in ethanol. It was described as having a very 
powerful action in suppressing growth or producing 
lysis of pyogenic cocci and organisms belonging to the 
diphtheria group of bacilli, whilst it was inactive 
against Haemophilus influenzae. Fleming named his 
material ‘penicillin’ and he emphasized the fact that it 
is non-toxic to animals even when administered in 
large doses. He also attached considerable importance 
to the fact that, unlike all antiseptics, it had no toxic 
effect on leucocytes. In this paper Fleming describes 
the use of penicillin as a useful tool in diagnostic 
bacteriology, and he points out that the new substance 
may be of value in the treatment of pyogenic infections. 

For many years no further paper on penicillin was 
published by Fleming, although he mentioned it at 
various scientific meetings. Although full documentary 
proof is lacking, it seems reasonably certain that 
Fleming knew that he had made a discovery of very 
great importance and that penicillin might one day be 
obtained in a pure form suitable for systemic admini- 
stration. 

The idea that substances inhibitory to the growth of 
pathogenic micro-organisms may be produced by other 
microbes was not completely novel and is mentioned in 
Fleming's paper. In particular he refers to the work of 
Emmerich on an agent produced by Bacillus pyocy- 
anaeus, and other examples are given in an article 
published by Florey in the British Medical Journal in 
1945. But such substances have generally been found 
to have only a very weak action and many of them were 
toxic to the host. None of the substances described 
before 1929 has in fact found therapeutic application 
The discovery of penicillin marks the beginning of 
antibiotic research in medicine and it is still, in spite of 
the introduction of a great number of other antibiotics, 
the most widely used and probably the most innocuous 
antibacterial agent. It is not injurious to animal cells 
apart from the allergic reactions which it produces in a 
relatively small number of individuals. The recent 
discovery of 6-aminopenicillanic acid and the likely 
introduction of a large, potentially almost unlimited, 
number of new semi-synthetic penicillins gives this 
group of antibiotics an even wider field of application 
than that assured for the purely natural penicillins. 
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A detailed account of the later part of the penicillin 
story is outside the scope of the present article. It must 
be mentioned, however, that no further progress was 
made until 1940 when Florey, Chain and their colleagues 
published a paper in the Lancet. These authors reported 
that they had obtained from the crude mixture of 
Fleming’s culture filtrate by a series of chemical 
manipulations a purified product which was completely 
non-toxic on parenteral administration. The Oxford 
workers further showed that their purified penicillin 
administered systemically protected mice against the 
effect of lethal amounts of several pathogenic organisms. 
The material then used, as shown by these workers a 
few years later, was still fairly impure. The 1940 paper 
suddenly transformed penicillin from a substance which 
to most people engaged in medical research at that 
time was of purely scientific interest into a potentially 
powerful therapeutic agent which could revolutionize 
the treatment of a great number of infectious diseases. 
As everybody knows, this hope was fulfilled. The work 
of the Sir William Dunn group in Oxford was the start 
of a new era of research in which many new antibiotics 
were discovered and it gave full scope to the pharma- 
ceutical and fermentation industries to manufacture 
these new substances on an enormous scale to the great 
benefit of mankind. The Oxford workers followed up 
their early outstanding work on penicillin in several 
directions. They further greatly purified penicillin 
beyond the stage described in their earlier paper, and 
they played an important part in the investigations on 
the structure of this antibiotic which was much more 


difficult to unravel than might have been expected for 
such a relatively small molecule. They also pioneered 
the early clinical trials which fully justified the hopes 
which were entertained for this first clinically useful 
antibiotic. 


The Discovery of Lysozyme 

The question has often been asked as to what part 
luck has played in the discovery of penicillin. A study 
of the history of science clearly shows that luck has 
been important in most discoveries, but that good 
fortune only comes to those who are able to take 
advantage of it and generally only after a sustained 
effort has been made to reach a particular and worth- 
while object. Fleming had spent a large part of his life 
on attempts to find better ways of dealing with in- 
fections than were then available. His interest in wound 
infections was first awakened during the first World 
War and occupied him for many years. He became 
convinced that antiseptics were less efficacious when 
applied to tissues than they appeared to be under most 
conditions obtaining in vitro. Fleming's interest, 
stimulated by Almroth Wright, in defence mechanisms 
operative in infection probably prepared his mind for 
the important discovery made in 1922 of a lytic agent 
found in many tissues and secretions and named by 
him, lysozyme. Fleming found high concentrations of 
this agent in tears, but the highest activity was found in 
egg-white. The material was active against a number of 
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bacteria, but it produced no effect or only a weak effect 
on a great many pathogens. Fleming’s hope that it 
might be developed into a therapeutic agent was not 
fulfilled in this instance, but the discovery of lysozyme 
has started a large number of investigations which have 
enriched bacteriology in general. The purification and 
crystallization of lysozyme was not undertaken by 
Fleming but was later achieved by Abraham and others. 
Its structure has now been fully elucidated. Fleming 
suggested that lysozyme is an enzyme and this was 
indeed demonstrated by Chain and Epstein later. It is 
now becoming increasingly clear that lysozyme acts on 
a polysaccharide forming part of the cell-wall of many 
bacterial cells by splitting a particular bond. This is of 
special interest in this narrative as it is also now 
becoming fairly certain that one of the actions of 
penicillin on micro-organisms and probably its most 
important action, consists of an interference with the 
biosynthesis of bacterial cell walls. Polysaccharide- 
containing walls are peculiar to microbial cells and it 
is therefore not surprising that neither penicillin nor 
lysozyme is harmful to animal tissues. It is also perhaps 
of interest that Fleming found that the organism which 
he used in his lysozyme work became resistant to this 
enzyme after having been grown in the presence of 
low concentrations of lysozyme for some generations. 
He did not describe similar phenomena in the penicillin 
field, but this early example of resistance to a potential 
antibacterial agent is of course of great importance at 
the present time. 

Fleming attached great importance, and rightly so, 
to the discovery of lysozyme, and it is reasonable to 
believe that it prepared his mind for another and 
similar phenomenon, i.e. the lysis of staphylococci by 
Penicillium notatum. He was quick to note its signifi- 
cance but he was unable to follow it up by purifying 
the active material as he had not the necessary chemical! 
training, nor were his efforts to persuade chemists to 
take up the problem successful. The reason for this 
long interval between the discovery of penicillin and its 
purification can be explained in many different ways, 
but one important factor was Fleming's character. He 
was an excessively shy person and, whilst he was a 
highly competent bacteriologist, he never considered 
himself a leader of a team comprising members using 
techniques which were outside the range of his own 
scientific experience. He was a gifted natural historian 
and an observer of genius with impressive powers of 
persistence. He also had the simplicity of mind which is 
often found in great scientists, and he had an instinctive 
appreciation of what is important. Fleming was 
probably exposed to an extensive amount of theorizing 
from his own master, Almroth Wright, and he seemed 
to have been suspicious of any attempt to generalize 
too much from particular observations. He had great 
respect for experimental facts and integrity of a high 
order. Apart from his other work, the discovery of 
penicillin and lysozyme are two landmarks in medical 
science which will remain permanently associated with 
his name. 
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EARLY WORK AT OXFORD ON 


PENICILLIN 


by N. G. Heatley, M.A., Ph.D. 


The Sir William Dunn School of Pathology, University of Oxford 


T is 20 years since the first patient was treated 

parenterally with penicillin at the Radcliffe Infirmary, 
Oxford. This and the five other cases treated there in 
the spring of 1941 demonstrated convincingly that the 
hitherto academic discovery penicillin was a true 
chemotherapeutic agent. These six definitive tests 
probably used a total of only slightly over two million 
units (of which some had been recovered from the 
patients’ urine), and it is instructive to recall in these 
days, when half that amount is a common daily dose 
for one individual, the great effort which the prepara- 
tion of the early penicillin entailed. 

Mention should perhaps first be made of the reasons 
why penicillin came to be worked on at Oxford nearly 
ten years after the publication of Fleming’s original 
paper in 1929. In 1930 there appeared a paper by 
Goldsworthy and Florey entitled “Some Properties of 
Mucus with Special Reference to its Antibacterial 
Functions’ in which, of course, lysozyme played a part. 
Florey had planned at Sheffield to work on the substrate 
of lysozyme—it was known to be an enzyme—and 
when he came to Oxford the work was pursued by 
Chain and Epstein, and lysozyme was crystallized in 
1938 by Abraham. Though lysozyme was unlikely to 
be of clinical value, at any rate for the treatment of 
infections, Florey and Chain thought it would be of 
interest to examine other naturally occurring anti- 
bacterial substances, such as pyocyanine, actinomycetin, 
and penicillin. Penicillin was believed to be unstable 
but Chain was convinced that under the right conditions 
it should be possible to work with it, and a few experi- 
ments on it were done in 1938. (It is interesting that 
Goldsworthy and Florey’s 1930 paper quoted the 
recently published monograph ‘Les Associations 
Microbiennes’ by Papagostas and Gaté (1928), which 
in turn refers to several of the earlier papers on microbial 
antagonism. Goldsworthy and Florey also reported the 
chance contamination of one of their plates by an 
undoubted antibiotic-producing organism, and they 
further isolated from cat faeces four different but 
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unidentified antagonistic organisms). 

The feasibility of systemic chemotherapy had become 
much more certain during the 1930's with the intro- 
duction of the sulphonamides into medicine, but it 
seems clear that Florey and Chain’s decision to in- 
vestigate other naturally occurring antibacterial sub- 
stances was a logical development of their previous 
interests, and would have been taken anyhow. 

The work on penicillin at Oxford started in earnest 
in the autumn of 1939. The fungus was grown first on 
the simple Czapek-Dox medium (Fig. 3) used by 
Clutterbuck, Lovell and Raistrick (1932), and although 
many different media and combinations of different 
growth conditions were tried the penicillin titre could 
not be appreciably enhanced. In fact, the only two 
positive results from several months of intermittent 
attempts to improve the yield were: that a boiled 
extract of yeast would accelerate growth (but not 
increase yield) so that maximum penicillin titre was 
reached after 10 days or so instead of two to three 
weeks; and that the harvested medium could be 
replaced with fresh medium which could in turn be 
harvested in half to two-thirds of the time needed with 
a newly sown culture, and that several such replace- 
ments could be made under a single fungal mat. This 
could only be done if contamination of the cultures 
by common penicillinase-producing organisms were 
rigorously prevented, and although the replacement 
technique was used successfully for over a year it was 
eventually abandoned because in spite of all practicable 
precautions the infection rate with spore-bearing air 
organisms became too high. 

The solvent transfer extraction process, an extension 
of some preliminary observations of Clutterbuck, 
Lovell and Raistrick, was devised and by the spring of 
1940 small amounts of a potent brownish powder 
active against Staph. aureus even at a concentration of 
one in two million was obtained. Although, as realized 
later, this contained less than two per cent of penicillin, 
it enabled certain pharmacological tests to be carried 
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out on animals. These showed amongst other things that 
it produced no significant side effects when given 
intravenously or by other routes, and that though 
quickly excreted in the urine it could persist in anti- 
bacterial concentrations in the blood for at least an 
hour after subcutaneous or intravenous injection; in 
other words it would appear to have some of the 
attributes of a true chemotherapeutic agent. Among 
the bacteria highly sensitive in vitro were the haemolytic 
streptococcus. A mouse protection experiment done on 
May 25, 1940, showed that penicillin could control an 
artificial infection by haemolytic streptococci in vivo 
(Chain et al., 1940). 

Although probably only about 600 units were used 
for the four treated mice, this represented at least a 
week’s production. Even so the dose was scarcely 
adequate and preparation of enough material for tests 
on man (3,000 times the size of a mouse) presented a 
formidable problem, especially as owing to the war 
equipment of all kinds was in erratic supply or not 
obtainable at all. The immediate problem was to set up 
enough cultures, and apart from the usual laboratory 
ware, every obtainable kind of container, preferably 
containing a large volume of culture medium in a layer 
not deeper than half an inch, was pressed into service. 
Those tried included bottles, trays, pie dishes and 
biscuit and other tins, but the best of these makeshift 
culture vessels was the old fashioned enamel bedpan 
(Fig. 1) with a side arm through which the culture 
could be inoculated and harvested. With 16 of these, 
each containing | litre of medium, provided by the 
Radcliffe Infirmary, and with the other containers the 
output of crude penicillin-containing culture fluid was 
greatly increased. 

The bottleneck then became extraction. The first step 
of the solvent transfer process was to acidify the crude 
culture fluid and shake with ether or amyl acetate. 
However, penicillin is unstable in watery solution at 
low pH, and to minimize loss, especially in view of the 
fact that a more or less bad emulsion was formed, it 
was necessary to cool the fluid before acidifying and 
extracting. This was done by immersion in crushed ice 
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Fig. 2. Rectangular culture vessel of ceramic slipware, glazed 
inside only. 
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Fig. 1. Enamelware bedpan used for cultivation of the Peni- 
cillium at an early stage of the work. 


when small amounts only had to be worked up, but 
for larger amounts it was found preferable (though 
uncomfortable for the operator) to conduct the whole 
process in the cold store. Clearly some kind of mechani- 
zation was badly needed here and after a number of 
unsuccessful attempts a fairly efficient and workable 
apparatus was devised which could be run at room 
temperature. This consisted essentially of six columns 
of solvent, down which uniform droplets of crude 
culture fluid, which had been acidified immediately 
before entering the drop-forming jets, were allowed to 
fall. The solvent slowly moved upwards (i.c. counter- 
current) and penicillin-rich solvent was collected from 
the top of the columns, while the spent watery phase 
was discharged down the drain. This apparatus would 
handle 12 litres of medium per hour, and the limiting 
factor again became the number of culture vessels 
available. 

Since more bedpans could not be obtained, and the 
tins were not really satisfactory, specially made glass 
vessels were considered, but the mould would have cost 
£500, and, more serious, delivery time would have been 
at least six months. Ceramic slipware was then suggested, 
and the firm of James Macintyre & Co, Ltd. were 
approached at the end of October 1940. This excellent 
firm when visited three days later were not only ready 
to help, but had actually made (but not baked) some 
trial models. A pattern was agreed on, and when the 
test models, delivered 18 days later, were found to be 
satisfactory, an order was given for 500. Of these, the 
first 172 were fetched on December 23, 1940 and 
inoculated on Christmas day, less than two months 
after the first approach to the firm; the rest of the 
vessels were ready shortly afterwards. They contained 
one litre of medium, and as they could be compactly 
stacked in autoclave (vertically) and incubator (hori- 
zontally) (Fig. 2) production was once more con- 
siderably stepped up. 

Accumulation of enough penicillin to treat a human 
patient began to seem possible, but cautious admini- 
stration of 100 mg. of one of the most active 
preparations caused a rigor in a human subject, though 
10 mg. of the same preparation had had no apparent 
ill effect on a mouse. Clearly the preparation was 
pyrogenic, but by good fortune this was found not to 
be an inherent property of penicillin and could be 
separated from it by chromatography on alumina. On 
February 12, 1941 treatment with penicillin was begun 
of a desperately ill patient in the Radcliffe Infirmary, 
Oxford, with multiple abscesses of face and head, 
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Contributed by ELGA PRODU: 


APPLICATIONS OF ION E 


The complete Chemical Purification of water by deionisation is now 
widely accepted as an invaluable technique for laboratories and many 
industrial applications. Other applications of ion exchange are, perhaps, 


not so well known, and some are now briefly described. 


THE CONVERSION OF SALTS BY DOUBLE DECOMPOSITION 


The fundamental feature of ion exchange resins is the ability to exchange their 
ions for other ions in solution. This makes possible the preparation either of 
acids from salts or of a desired metal salt from the corresponding salt of another 
metal. To give one commercial application, silicic acid can be prepared from 
sodium silicate by passing the salt through the hydrogen form of a cation 
exchanger. In this way, the sodium ions of the silicate are replaced by hydrogen 
ions from the cation resin, to give silicic acid. The acid so produced is essentially 
non-flocculent compared with the acid formed by treatment of a silicate with 
mineral acids. 


DEIONISATION _ THE COMPLETE REMOVAL OF ALL IONS FROM SOLUTION 


The process of deionisation has other uses than water purification. Some of the 
most important applications lie in the food industry. Dextrose syrups resulting 
from the acid conversion of corn starch can be relieved of ionic and other 
impurities by using a series of anion-cation exchangers, or a mixed bed system. 
Cane sugar syrups and beet sugar syrups can be similarly processed with 
appropriate resins. 
Deionisation makes possible the economic production of other electrolyte-free 
materials, such as: 

Gelatine, Sugar syrups Pharmaceuticals 

Fine Chemicals Plating solutions. 
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CHANGE 


Part of this information has been condensed from Rohm and Haas 


Publication 1E-3-53a. 

In following issues it is hoped to deal with one or more of these applica- 
tions specifically. 

Elgastat Deionisers are contributing to Research throughout the world by 
providing ultra-pure water at a turn of the tap. 


ION EXCHANGE IN MEDICINE 

Ion Exchange resins are being used on an increasing scale for medical treatment. 
Applications include the use of a speciai grade of anion exchanger for the treat- 
ment of gastric and duodenal ulcers, the resin adsorbing hydrochloric acid from 
the stomach, and to deactivate pepsin. A special grade of cation exchanger can 
be employed for sodium reduction. This is important for treatment of con- 
gestive heart failure, where there is excessive retention of water in the tissues 
as a result of abnormal dosium content in the body. 

Weakly acidic resins can be used in the determination of gastric acidity and 
resins have also been used in temporary artificial kidneys. 


ION EXCHANGE IN PHARMACY 

Perhaps the most important pharmaceutical application of lon Exchange is the 
recovery of streptomycin from fermentation broths. A weakly acidic resin can 
be used, the filtered broths being passed through a column of the resin, where 
the anti-biotic is selectively retained. The anti-biotic is then eluted with dilute 
acid and after a few simple processing steps, streptomycin of therapeutic 
quality is prepared. 

Ion exchange resins are also used for the production of glycerol, and in the 
separation and isolation of amino acids. Blood can be de-calcified to prevent 
coagulation during storage. 

Nicotine, alkaloids, complex alcohols, hormones, muscle extracts and many 
other biological preparations are processed with ion exchange resins. 
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PREPARATION OF PENICILLIN - EARLY 
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Fig. 3. Diagram of main steps in laboratory preparation of penicillin, early 1941. 


involvement of lungs, and osteomyelitis of the right 
humerus. There was steady improvement in his con- 
dition from the time of starting treatment but supplies 
of penicillin were soon exhausted, and after holding 
his own for 10 days the patient gradually relapsed and 
died (Abraham ef. al., 1941). This drove home the 


lesson that treatment should be continued till all 
bacteria were eliminated from the body, though in the 
first cases treated, this was not always achieved. As 
already mentioned little more than two million units 
were used for the first six cases in the series (ihid.) and 
the total output at Oxford from October 1939 to June 
1941, at a guess, was probably no more than double 
this, the other material being used for chemical, 
biological and bacteriological work. The flow sheet 
(Fig. 3) shows that the aim at this time was to harvest 
500 litres of crude culture fluid per week, from which 
100-200,000 units of material suitable for therapeutic 
use might be obtained; but this target was rarely if ever 
attained, sometimes falling far short, chiefly because 
of infection of the cultures. The actual production took 
much of the time of one research worker and part of 
that of another; on the technical side Mr. G. A. Glister 
and the five ‘penicillin girls’ were fully occupied and 
received occasional help from other technicians. 

The dilemma facing the development with strictly 
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limited resources of any very scarce product of potential 
value attended this early work on penicillin, though it 
arose in an even more acute form in the next two or 
three years. Should the minute amounts of material 
produced be used for an all-out attack on its chemical 
structure, in the hope that an early practicable synthesis 
might be achieved? Or should it be devoted to actual 
tests (in this case therapeutic)? If these should show 
that the substance was likely to be of limited practical 
value, much expenditure of time and talent on chemical 
work would be spared for more urgent (war) projects. 
The choice in such cases often appears far simpler in 
retrospect than it did at the time. Looking back, there 
is no doubt that the decision to use a good deal if 
necessary of the limited supply of penicillin on tests in 
human patients was a wise one. The drug was only 
obtained pure in the laboratory in 1943, and in spite of 
the vast amount of research on the chemistry of the 
penicillins they are still made by fermentation. 
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PENICILLIN 


PRODUCTION 


OVER TWO DECADES 


by 


D. J. D. Hockenhull, M.A., Ph.D. 
Glaxo Laboratories Ltd. 


INCE the development of Fleming's discovery was 

taken up by Chain and Florey (1940), penicillin 
production has grown into a mighty industry. On the 
fermentation side, the advances are those that may be 
distinguished as due to strain improvement, medium 
development or biochemical engineering. Each has had 
a profound effect on the rate of progress caused 
through the others. 

Initially, the mould, then Penicillium notatum as 
isolated by Fleming, was cultivated as surface growth 
on a thin layer of liquid medium (Fig. 1). Simple 
chemically defined mixtures, such as Czapek-Dox 
medium taken from contemporary mycological texts, 
were at first used: later improvements in yield were 
achieved by including organic acids, such as lactate or 
acetate, or complex supplements, such as casein 
hydrolysate. Later the introduction of cornsteep liquor 
by Moyer and Coghill (1941) revolutionized the 
process. Not only was the biological activity of the 
broth raised many times, but the character of the 
antibiotic was radically altered. 

The product of the fermentation depends on the 
nature of the precursors in the broth. Whereas initially 
the principal antibiotic was penicillin F (2-penteny!l- 
penicillin) a new factor derived from phenylacetic acid, 
penicillin G (benzylpenicillin) was predominant in 
cornsteep liquor fermentations. This had better thera- 
peutic properties and was both more stable and easier 
to purify. Further examination of penicillin G led to 
the search for a specific precursor, culminating in the 
isolation of $-phenylethylamine from cornsteep liquor 
and the use of this and its oxidation product, phenyl- 


Above: Visit of Sir Alexander Fleming to Glaxo Labora- 
tories, Ltd., Fermentation Research Division, Stoke Poges. 
Dr. D. J. D. Hockenhull, Sir Alexander Fleming and Dr. 
A. H. Campbell By courtesy Glaxo Laboratories Ltd. 
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acetic acid, as added precursors. This not only improved 
yields, but also prevented the formation of other less 
desirable penicillins. Work on the mode of presenting 
precursors led to greater efficiency, by continuous 
addition (Singh and Johnson, 1948) or by presenting 
the mould with phenylacetic acid derivatives from 
which the precursor was released at a steady rate 
throughout the fermentation. It was also found that a 
multitude of substituted aceti. acids could stimulate 
the production of corresponding penicillins. Only a 
few of these, for example penicillin V (phenoxymethyl- 
penicillin), are of therapeutic importance. 
Concurrently it was soon found that oligo- and 
poly-saccharides, which released monoses relatively 
slowly, gave better yields than glucose or the easily 
hydrolyzed sucrose. Lactose was found to be the best 
readily available. At the time of its supersession by 


Fig. 1. Surface production of penicillin by P. notatum. B) 
courtesy Glaxo Laboratories Ltd. 
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Fig. 2. Diagram of conventional type deep fermentation tank. 
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During the later stages of these 
developments, a revolution in tech- 
nique was brought about by the 
introduction of submerged culture 
methods. For a long while gluconic 
acid had been produced in rotating 
drums under highly aerobic con- 
ditions. Such a process had the 
advantage that much more medium 
could be handled in the same factory 
space. Strains derived from the 
original culture did not give good 
yields, but it was found that a new 
isolate of a closely related organism, 


Fig. 3. Model of the antibiotics pro- 
duction plant: Exhibition for the Ter- 
centenary of the Royal Society. 

By courtesy Glaxo Laboratories Lid. 


as conducted in some variation of 


Fig. 4. Deep culture of Penicillium chrysogenum in rotary- 
shaken flasks. By courtesy Glaxo Laboratories Ltd. 


Penicillium chrysogenum NRRL 832, was very well 
suited to the changed process. The drum fermenter, 
which was difficult to keep sterile, was soon superseded 
by the conventional stirrer vessel in use today (Fig. 2 
and 3). 

The general characteristics of the fermenter have not 
altered much from the early design, which secured 
much better oxygen transfer than the drum fermenter 
It consists of a cylindrical vertical tank stirred by 
horizontal impellers on a vertical shaft. Air is introduced 
through a sparger or open pipe under the bottom 
impeller, which serves both for air dispersion and 
liquid mixing. The first advantage to the use of this 
technique was a great increase in throughput of 
fermentation medium (‘broth’). It was soon clear that 
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the submerged method with its laboratory modification, 
the rotary-shaken flask (Fig. 4), provided conditions 
under which improved strains and media could show 
up. The former advance was the first to make an 
immediate impact. From 1944, when the process was 
introduced with NRRL 832, to the use of the Q176 
(Wisconsin) strain, which had been derived by a series 
of mutation and isolation steps from isolate NRRI 
1951 (itself twice as productive as 832), the yield was 
increased from 100 to well over 1,000 u/ml. It is 
believed that most strains now in commercial use are 
derived from this stock (Sylvester and Coghill, 1954). 

At this stage the medium was similar to the one 
described above. The first important modification was 
the deliberate use of vegetable oils as nutrients 
(Perlman, 1949 and 1950, Colingsworth, 1951, Koffler 
and Goldschmidt, 1949). This originally arose from 
their use as antifoams, necessitated by the change to 
aerated culture. When thus employed this type of 
substance also improved titre, and optimal amounts 
were soon worked out. Minor improvements had also 
been obtained with certain strains by the use of thio- 
sulphate (Hockenhull er a/., 1953). 

The technique of batching the major constituents 
before inoculation set an upper limit on yield. Extension 
of the fermentation by later additions of nutrients was 
clearly indicated, although the pioneer work possibly 
originated from other considerations based on the 
reasonable (and now generally held) premise that the 
specific advantage of lactose lay in its slow rate of 
hydrolysis. Johnson and his team (1953) found that 
this sugar could be replaced by glucose or the easily 
hydrolysable sucrose, provided that these were added 
at a rate approximating to that of lactose hydrolysis in 
a lactose fermentation. On a synthetic medium of 
which the pH was maintained at 7-0 by ammonia gas, 
satisfactory yields were obtained. Precursor was also 
added continuously, so that the first steps in continuous 
nutrition had been taken. It is believed that most of the 
important commercial producers now use some 
modification of this process. A typical reference is the 
patent (Freany, 1958) in which claims are made for 
continuous glucose addition according to the rate at 
which lactose is used in a similar fermentation. 

Truly continuous fermentation does not, according 
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to published information (Pirt and Callow, 1959), 
appear to have much to recommend it. The amount of 
penicillin produced in a given occupied volume in 
unit time is not increased by changing the medium, and 
therefore a continuous process is costly in materials 
and tends to give a !ow potency broth. 

Penicillin production has been divided by most 
workers into two phases, growth or mycelial establish- 
ment and maturation or penicillin production. The 
description by Koffler et a/. (1946) is typical. In the 
first phase, there is rapid growth of mycelium with a 
high nitrogen-content, the nitrogenous constituents of 
the medium quickly break down to ammonia with a 
consequent rapid pH rise; nitrogen is rapidly used, the 
respiratory rate is high and the loss of sugar small; 
there is negligible antibiotic production. After about 
24 hours the second phase is entered: ammonia release 
slows down, nitrogen usage becomes steady; the pH 
value settles to a constant value of about 7-0 or falls 
slightly; sugar utilization rapidly increases to a steady 
rate, which is maintained to exhaustion, and the 
respiratory rate settles to a fairly steady reduced value: 
penicillin is produced throughout this phase. At the 
end of this phase the broth is harvested. If the process 
is carried beyond this ‘senescence’ occurs, with a fall 
in respiration, autolysis of mycelium and consequent 
release of ammonia; the pH value rises and above pH 
7-5 the destruction of penicillin is accelerated. 

Most of the biosynthetic route by which penicillin is 
built up is now clear. Hockenhull er a/. (1949) specu- 
lated on the possibility of the ‘nucleus’ having arisen 
from cysteine and a derivative of valine. The outstand- 
ing contributions to this field were made by Arnstein 
and his collaborators (Arnstein and Grant, 1954). 
They showed unequivocally that ‘labelled’ L-cysteine 
was completely incorporated into penicillin. Experi- 
ments with the related competitive inhibitors, S-ethy! 
cysteine and cysteic acid, confirmed this (Demain, 
1955): 

Though the experimental difficulties were greater, 
Arnstein’s group also showed that ‘labelled’ L-valine 
was incorporated as such into the molecule (Arnstein 
and Grant, 1954). The nature of the condensations 
necessary admitted explanation of the inversion to the 
D-valine configuration (Demain, 1959). 
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In a later publication, Arnstein and Morris (1960) 
have suggested that the course of biosynthesis follows 
the path shown in Fig. 5. 

The tripeptide has been isolated from penicillin 
cultures (Arnstein ef al., 1959); oxidative ring closure 
of this would yield the penicillin-like cephalosporin N 
(Fig. 6). Removal of the «-aminoadipic acid would 
yield 6-aminopenicillanic acid, the ‘nucleus’ whose 
existence in cultures was noted by Kato (1953). This 
is not now considered to be a direct precursor of the 
penicillins; it is more likely that ring closure occurs with 
the x-aminoadipic moiety in position and that this is 
replaced by the other precursors later or that ring 
closure occurs after replacement by the precursors. 
Arnstein’s group have suggested a number of possible 
mechanisms for the ring closure (Arnstein and Crawhall, 
1957), but there is still a wide field for investigation. 

The question of the supply of cysteine and valine for 
the biosynthesis and the possible effects of the metabolic 
‘gestalt’ of the organism upon this has been recently 
reviewed by Hockenhull (1959). Yields similar to those 
obtained on the best commercial medium, based on 
cornsteep liquor, were obtained by the use of chemically 
defined media. That of Calam and Hockenhull (1949) 
is typical. Cornsteep liquor could be replaced by a 
mixture of acetate, citrate, ammonium sulphate and 
ethylamine. Earlier, Jarvis and Johnson (1947) had 
shown that some strains could produce penicillin on 
even simpler media. Johnson's later work on continu- 
ous feeding also demonstrated that simple nutrients 
could be employed provided their rates of addition and 
pH values were controlled. It therefore seems that the 
advantage of cornsteep liquor lay not in any specific 
constituents, but in its ability to release intermediate 
metabolites at suitable rates. Since penicillin is derived 
from two amino acids, one would expect conditions 
leading to reductive amination to help synthesis. Our 
own work on the glutamic dehydrogenase system of the 
mould has shown that it is necessary to have sufficient 
free ammonia, a pH value of 7-0 or more and a highly 
reducing milieu for this to occur (Hockenhull, 1959). 
The presence of carbohydrate has been shown to bring 
about highly reducing conditions. 
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Cysteine arises, at least in part, from serine, which 
Arnstein and Grant (1954) have also shown to be 
incorporated. They showed further that glycine 
entered the molecule. According to Stone and his 
colleagues, labelled formaldehyde was also incorporated 
into the $-lactam ring (Martin et a/., 1953). Thus it is 
likely that cysteine itself is formed from these inter- 
mediates. The glycine could easily arise from isocitrate 
by way of glyoxylate, and Olson (1954) has demon- 
strated that the mould can perform this transformation 
(Fig. 6). However, the route of sulphur incorporation 
is not yet clear. In the related organism, Aspergillus 
nidulans, Shepherd (1956) postulated a condensation of 
sulphite with phosphoenol pyruvate, as found by 
Fromageot in mammalian tissue. If this is the principal 
pathway, the exchange of cysteine sulphur with serine 
through a very active cystathionine system would be 
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Fig. 7. Relationships of penicillin biosynthesis to normal 
metabolic systems of P. chrysogenum. 
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necessary. Arnstein currently favours the belief in a 
direct combination of a sulphur derivative with serine. 
The origin of the ‘C,’, moiety of serine is not known, 
but it is at least likely in the intact organism that 
serine can arise directly from phosphoglyceric acid. 
The origin of the branched chain skeleton of valine has 
not yet been elucidated. In other microorganisms it 
Originates from pyruvate by way of acetolactate, and 
this is the most likely route (Fig. 7). 

Upon this somewhat shaky framework, some specu- 
lation as to the influence of metabolites has been made. 
If the synthesis is dependent on self-condensation of 
pyruvate, processes interfering with its oxidative 
conversion to acetyl coenzyme A should promote 
synthesis. Ammonia under reducing conditions tends 
to do this, by removal of ketoglutarate (as glutamate) 
from the tricarboxylic acid cycle, thereby lowering the 
level of oxaloacetate for condensation. Again, the 
direct production of acetyl CoA by breakdown of 
fatty acids should depress its formation from pyruvate. 
In this way one might explain the beneficial effect of 
fatty acids. 

Such speculations could well lead to improvements 
in technique based on the better application of 
metabolites at strategic rates. The initial steps have 


Fig. 9. Transfer of laboratory grown first 
stage submerged culture inoculum to a 
100 gal. plant scale seed vessel. B) 


courtesy Glaxo Laboratories Ltd. 
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Fig. 8. Sterile subculture of pure Penicillium chrysogenum 
inoculum. By courtesy Glaxo Laboratories Lid 


Fig. 10. A_ typical fermentation hall 
showing in centre foreground two seed 
vessels and on the extreme left large 
production units. By courtesy Glaxo 
Laboratories Ltd 
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Fig. 11. The same fermentation hall as in Fig. 10 showing the 
large fermenters. By courtesy Glaxo Laboratories Ltd. 


Fig. 12. Penicillin mycelium being examined as it leaves the 
string discharge filter at harvesting. By courtesy Glaxo 
Laboratories Ltd 
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MICROBIOLOGICAL ASSAY OF PENICILLIN 
TEST ORGANISM -: BACILI US SUBTILIS 





Fig. 13. Comparison of biological activity of penicillin 
solutions. The samples and standards are introduced into 
circular holes in solid medium inoculated with a test organism. 
After incubation the background growth is found to be in- 
hibited in zones of sizes dependent on the concentration of the 
antibiotic. By courtesy Glaxo Laboratories Ltd 


Fig. 


14, Freeze drying cabinets. The recrystallized penicillin 
is dried under aseptic conditions before packing. By courtes) 
Glaxo Laboratories Ltd. 
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Fig. 15. Storeroom with bulk containers 
containing penicillin. Much penicillin is 
sent in this way to customers who wish to 
do their own packing. By courtesy Glaxo 
Laboratories Ltd. 


been made by Johnson and have 
indicated the shape of the process to 
come and the engineering problems 
bound up with it. There are many 
theoretical questions involved. 
Notably, we have to bring about the 
most desirable compromise between 
the use of the grown organism as a 
preformed enzymic machine fitting 
together putative intermediates and 
the need to replace this machine by 
new growth as it wears out. 

Penicillin fermentation has indeed developed both in 
complexity and extent over the past two decades. The 
milk bottle has given place to the giant fermenter of 
over 5,000 gal. capacity (and rumour has it of even ten 
times this size); the yield per unit volume has increased 
a thousandfold, and the complexity of operation many 
times. Various stages in production and control are 
illustrated in Figs. 8, 9, 10, 11, 12, 13, 14 and 15. 

On the other hand, the process of recovery has not 
altered greatly in essentials. From early times acidified 
broth filtrate has been extracted by a counter-current of 
organic solvent (usually amy] acetate or a similar ester); 
the free penicillin acid is then re-extracted into buffer or 
mild alkali, which after acidification undergoes another 
extraction with solvent. In the early years of develop- 
ment, this second solvent extract was re-extracted into 
an aqueous phase containing sodium bicarbonate or 
lime, and the whole was freeze-dried to give a crude 
sodium or calcium salt. With increasing potency of 
broth, it was later found possible to precipitate a salt 
directly from the second solvent stage by addition of an 
organic base. This could be filtered off, redissolved in 
an appropriate solvent and converted to the pure 
alkali metal salt by some suitable double decomposition 
reaction. A sterile recrystallization completed the 
process. The current processes have been reviewed by 
Anslow (1958). 

The bulk of penicillin produced in the world has 
increased steadily over the years in a fantastic way, 
as the accompanying table for production of penicillin 
in the United States will show. 

In fact, the exemplars of the parable, the mustard 


seed and the leaven, might well be replaced by the 
penicillin spore that found its way into Fleming's 
laboratory. 
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U.S. Annual output of penicillin (All grades) 


(Gwynne et al., 


1958) 





Year 1950 





219 
406 


1012 units 
103 Ib. 


1951 


1956 


558 
1,060 


1952 1954 1955 


383 
725 


397 
767 


360 
669 


332 
637 
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MODIFIED 


PENICILLINS 


HENEVER a new biologically active product is 
discovered, attempts are made by the organic 
chemist to synthesize structurally related compounds in 
the hope of obtaining substances with improved 
properties in relation to the original compound or 
endowed with some new type of biological activity. 
Naturally, after the discovery of the structure of the 
penicillin molecule in 1943 the same course was 
followed, but the results were, on the whole, dis- 
appointing. The penicillin molecule consists of a nucleus 
termed 6-aminopenicillanic acid, common to all 
penicillins and a side chain acid with which the amino 
group is substituted in peptide linkage. (Fig. 1). The 
side chain acid in the most commonly used natural 
penicillin, benzylpenicillin, is phenylacetic acid, but 
natural penicillins with other side chain acids have been 
found; in fact, the penicillin with which the Oxford 
investigators conducted all their chemotherapeutic and 
structural studies contained an unsaturated fatty acid, 
A ?-hexenoic acid, and at an early stage of the chemical 
investigations on the structure of penicillin a third 
penicillin was discovered by Catch, Cook and Heilbron 
at Imperial College, London, which contained p- 
hydroxy-phenylacetic acid as side chain and different 
from the other two by its scarce solubility in chloroform. 
It was noticed at an early stage in several laboratories 
that the production of benzylpenicillin could be 
stimulated by the addition of the side chain precursor, 
phenylacetic acid, to the culture medium on which the 
penicillin producing mould grew, and addition of this 
substance is now the standard practice in the industrial 
production of benzylpenicillin. Early in 1945 Arnstein, 
Catch, Cook and Heilbron of the Imperial College 
Group in England and O. Behrens and collaborators 
of the Eli Lilly Group in the United States demon- 
strated that the production of p-hydroxybenzy|penicillin 
could be specifically increased by the addition of 
p-hydroxy-phenylacetic acid. 
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Later during the same year O. Behrens and his 
collaborators reported that the mould was able to 
incorporate a number of side chain acids which do not 
occur in nature, for instance p-methoxy-phenylacetic 
acid, and the corresponding penicillins were isolated in 
pure form. A large number of such biosynthetic 
penicillins was prepared by adding precursor side chain 
acids to the culture medium, mainly in the Eli Lilly 
laboratories. 

The approach to modified penicillins is, of necessity, 
a limited one: the enzyme systems responsible for the 
incorporation of the side chain acids are specific and 
only monosubstituted derivatives of acetic acid or 
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thioacetic acid can be built into the penicillin molecule 
by this method, with varying degree of ease. The 
properties of these biosynthetic penicillins were not 
strikingly different from those of the commonly used 
benzylpenicillin; they had about the same range and 
order of activity and were all attacked by the enzyme 
penicillinase. This enzyme, discovered in 1940 by 
Abraham and the writer, destroys the penicillins by 
opening their four-membered §-lactam ring (Fig. 1) 
and is responsible for the resistance to the penicillins of 
certain gram-positive micro-organisms, among them 
some highly pathogenic strains of staphylococcus. 

However, phenoxymethylpenicillin, obtained by 
adding phenoxy-acetic acid as side chain precursor, 
proved to be acid stable and could therefore be used for 
oral application; for this purpose it has found wide- 
spread application. 

The intact benzylpenicillin molecule does not lend 
itself to many chemical! modifications. The acid function 
can be esterified and some of the esters though not 
active in vitro have antibacterial activity in vivo after 
hydrolysis by tissue esterases. However, none of the 
esters which are generally insoluble in water have found 
application in clinical practice with the exception of the 
8-aminoethyl! ester which is soluble in form of its salts 
and has been stated to have a particularly high affinity 
for lung and lymph tissue and therefore to give a 
higher concentration in these tissues than benzyl- 
penicillin. The sulphone of benzylpenicillin, which can 
be obtained from benzylpenicillin by permanganate 
oxidation, also possesses antibacterial activity in vivo, 
but of a lesser degree than benzylpenicillin and has the 
additional disadvantage of being very insoluble in 
water; it has found no application in practice. 

One of the natural penicillins referred to above, 
p-hydroxy benzylpenicillin, contains a phenolic group 
in its side chain and, in consequence, can be modified 
by halogenation and by coupling with diazonium salts. 
A number of azopenicillins were prepared in this way 
by members of the Northern Regional Research 
Laboratory at Peoria, Ill., but, like the biosynthetic 
penicillins, they showed no essential advantage over 
benzylpenicillin. 

One of the biosynthetic penicillins, p-aminobenzy!- 
penicillin, lends itself to a wide variety of modifications 
because the free amino group in its side chain can be 
substituted by acyl, alkyl and other radicals. 

An extensive programme to prepare modified peni- 
cillins in this way was started in the author's laboratory 
at Rome in 1954. At that time the directors of the 
Beecham Research Laboratories had decided to enter 
the field of industrial chemical microbiology and had 
approached the writer to advise them on the special 
techniques and methods employed in research studies 
in this area. One essential requisite for work of this kind 
is a fermentation pilot plant, a rather costly and 
complex set-up consisting of fermenters of different 
size, up to semi-industrial dimensions, in which the 
micro-organisms are grown and produce the desired 
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substances, and equipment to isolate and purify these 
on a semi-industrial scale. Such a pilot plant was 
available in the laboratories under the scientific 
direction of the writer. In consequence a team of the 
research staff of the Beecham Research Laboratories 
was sent to Rome to participate in the work on the 
modification of the p-aminobenzylpenicillin molecule 
while their own pilot plant was under construction. 
The studies on the production of p-aminobenzy|- 
penicillin showed that, as with other penicillins, the 
production of this particular penicillin was stimulated 
by the addition to the culture medium of the specific 
side chain precursor acid, in this case p-aminophenyl- 
acetic acid. In order to assess the degree of stimulation 
obtained, it was necessary to compare the quantity and 
type of the penicillins produced in the presence of the 
specific side chain precursor acid with the quantity and 
type produced in its absence. During these com- 
parisons a curious phenomenon was observed: in the 
absence of the side chain precursor the amount of 
penicillin, determined by the biological method, was 
considerably lower than that which could be determined 
by the chemical assay method; with other words, there 
was produced a substance which chemically behaved in 
every respect like penicillin, but had a very low bio- 
logical activity. It was clear that this substance had a 
structure related to that of the penicillin molecule, but 
as at that time the attention of the investigators con- 
cerned was concentrated on other problems, its study 
was not pursued. 

After their return to their own laboratories and the 
by now completed fermentation pilot plant the Beecham 
workers continued their work on modified penicillins 
in collaboration with the late Sir lan Heilbron, Dr 
A. H. Cook and the writer. At this stage they paid 
renewed attention to the substance which behaved 
chemically like penicillin, but was biologically inactive, 
and succeeded in elucidating its structure by a few very 
simple experiments. They showed, firstly, that this 
substance was destroyed by the enzyme penicillinase 
referred to above, thus confirming the close relation of 
its structure to that of the penicillin molecule, and 
secondly, that it could be converted into benzylpenicillin 
by treatment with the acid chloride of phenylacetic acid, 
the specific side chain precursor acid of benzylpenicillin. 
These experiments proved beyond doubt that the 
substance in question was the nucleus of the penicillin 
molecule, 6-aminopenicillanic acid, without the side 
chain, and were reported in a short note to ‘Nature’ in 
January 1959 (F. R. Batchelor, F. P. Doyle, J. H. C. 
Naylor and G. N. Rolinson). 

The compound, which was isolated in the crystalline 
form from the culture medium, allows the introduction 
of a practically unlimited number of side chain acids 
into its free amino group and thus opens the way to an 
equally large number of new penicillins; in this way the 
original aim of obtaining modified penicillins was 
achieved in a much more spectacular manner than could 
have been anticipated at the outset of these investiga- 
tions. 
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While 6-aminopenicillanic acid can be obtained by 
fermentation in fairly good yields, its isolation and 
purification is a difficult process. A further important 
step forward was made when enzymes of microbial 
origin were found which split off the side chain of 
readily available natural penicillins in practically 
quantitative yield; these enzymes render 6-amino- 
penicillanic acid as easily accessible as the natural 
penicillins themselves. Such enzymes, termed penicillin 
amidases, were found in soil streptomycetes and in 
bacteria, the former acting predominantly on phenoxy- 
methylpenicillin, the latter predominantly on benzyl- 
penicillin. (G. N. Rolinson, F. R. Batchelor, D. 
Butterworth, J. Cameron-Wood, M. Cole, G. C. 
Eustace, Marian V. Hart, M. Richards, E. B. Chain, 
Nature, 187, p. 236, 1960). 

Of the many hundred, and perhaps thousands, of the 
new penicillins which have been obtained by chemically 
introducing a side chain acid into the 6-aminopenicil- 
lanic acid molecule, two are so far in clinical use. 

One of them, phenoxyethylpenicillin, known in 
Britain and Continental Europe as Broxil, is acid stable 
and has found wide clinical use as an oral preparation, 
giving higher blood levels than the classical phenoxy- 
methylpenicillin. (E. T. Knudsen, G. N. Rolinson, 
Lancet, December 19, 1959, p. 1105). 

The second, dimethoxyphenylpenicillin, has the 
important property of being resistant to the action of 
penicillinase and for this reason is active against those 
strains of staphylococci which produce this enzyme and 
are therefore insensitive to the action of the normal 
natural penicillins. (G. N. Rolinson, F. R. Batchelor, 
Shirley Stevens, J. Cameron-Wood, E. B. Chain, Lancet, 
September 10, 1960, p. 564). 

Dimethoxyphenylpenicillin is not only active in vitro, 
but also cures animals from infections with highly 
pathogenic penicillinase producing staphylococci, (B. M. 
Brown, P. Acred, Lancet, September 10, 1960, p. 568) 
and the clinical results fully bear out the experimental 
results on animals. Its introduction into clinical 
practice (it is known under the name of Celbenin in 
Britain and the European continent) therefore is an 


important milestone in the development of bacterial 
chemotherapy. Celbenin does not readily induce 
resistance and the danger that staphylococcal strains 
presently sensitive to its action will become resistant 
within a few years is remote. 

It is probable that in the course of time other new 
modified penicillins will come into use which are more 
active against the gram-negative bacteria than the 
classical penicillins, and may be valuable alternatives 
to the more toxic broad spectrum antibiotics. The hope 
is also justified that penicillins with a lower rate of 
excretion and with a lower antigenic power may be 
obtained. 

After the structure of the penicillin molecule became 
known, hopes of the organic chemists to synthesize it 
were naturally high in view of its apparent simplicity. 
However, despite a most concentrated effort by many 
chemists to achieve the total synthesis of penicillin, 
these attempts remained without success for many 
years. While it proved relatively easy to synthesize the 
penicilloic acids in which the §-lactam ring of the 
penicillin molecule is opened, it was impossible to bring 
about the closure of this ring system with any of the 
numerous known ring closing reagents. Many years 
later, J. Sheehan and his collaborators at the Massa- 
chusetts Institute of Technology discovered a new type 
of ring closing agents, the N, N substituted carbodi- 
imides, which act in aqueous solution at neutral pH, 
and by using this reagent succeeded where the others 
had failed, i.e. to achieve the synthesis of the penicillin 
molecule from the corresponding penicilloic acids. This 
was an important achievement and opened the way to 
new penicillins with modified side chains. However, the 
synthesis is a long, costly complex process involving 
many steps and has been superseded, at least for the 
time being, by the 6-aminopenicillanic acid development 
which forms the central subject of this article. 

In conclusion, it can be said that the development of 
modified penicillins from 6-aminopenicillanic acid has 
been one of the most important events in the anti- 
biotics field in the last decade which will have a big 
impact on therapeutic medicine. 
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BASIC MEDICAL RESEARCH 


AND THE FUTURE 


by Sir Charles Dodds, M.V.O., M.D., D.Sc., F.R.C.P., F.R.S. 


Professor of Biochemistry, University of London (Middlesex Hospital) 


STUDY of the scientific papers preceding this 
Asin make it clear to the reader that anyone who 
attempts to forecast the outcome or trend of basic 
medical research in the future has been set an impossible 
task. 

One tends to think of science being evolved by 
logical processes of development; the observation is 
made and position A is consolidated, and from this the 
dim outlines of position B can be seen, the same 
process is repeated and so on. One can prophesy that 
this type of research will go on and great progress will 
be made. 

Many examples can be quoted of this classical 
research development, but none is more suitable to our 
thesis today than the work of Pasteur leading finally 
to the discovery of the infective origin of disease. Prior 
to the time of Pasteur great clinicians had described all 
the diseases known to mankind with the greatest detail, 
and many of these go back to the classical times of the 
ancient Greeks. The description by Hippocrates and 
the physicians of the Hippocratic school would stand 
today almost without exception as a naked-eye des- 
cription of a person suffering from the same diseases 
we know today, and the progress towards cure or fatal 
issue. If one reads the works of, say Sydenham, un- 
doubtedly one of the greatest English physicians, one 
can see that he realized all the time that there was 
something causing the illness. The patient is attacked, 
let us say, by smallpox or some other contagious 
disease. Sydenham, it is clear, knows that the patient is 
being influenced by some outside agency which runs 
its course and either kills the patient or is presumably 
eliminated by the patient. This applied also to such 
diseases as gout, kidney disease and so forth, but until 
the time of Pasteur there was no knowledge whatsoever 
of this outside evil influence. The discovery of the 
infective origin of disease is so well known that it is 
only necessary to describe it very briefly here. Pasteur 
was originally interested in the causation of the deposit, 
and the nature of the material, that occurred in wine. 
He was able to show that this was caused by some 
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particulate agent dropping in from the air and he was 
later able to show that the action of this agent could be 
inhibited by rapidly raising and lowering the tempera- 
ture of the wine, thereby instituting the process known 
as pasteurization. This, it will be remembered, was later 
applied very successfully to milk. From this classical 
observation developed Lister's idea that wound 
infections probably came from particles deposited from 
the air and this he combatted by the introduction of the 
carbolic spray in the operating theatre. This inaugurated 
the microbial theory of disease and from then onwards 
medicine took a decisive step forward. 


Once having established the infective origin of 
disease, the next steps were to try to eliminate the 
micro-organisms by some curative procedure. 


It can be seen that all these steps follow logically on 
the first observation of Pasteur on fermentation. What 
is so difficult in writing about future possibilities is to 
take into account the very occasional piece of luck or 
good fortune that crops up from time to time in 
research. A typical example of perhaps the best piece 
of good fortune that has befallen the human race has 
been afforded by the discovery of penicillin. This is 
very ably described in Professor Neuberger’s article on 
‘The Discovery of Penicillin’. It is not necessary to 
repeat his description, but it is a very sobering thought 
that the great benefits of penicillin really sprang from 
the chance contamination of a petri dish. Anyone 
writing on the future of medical treatment prior to the 
discovery of penicillin could not under any circum- 
stances have foretold this momentous discovery, and, 
therefore, we can see how highly undesirable it is to try 
to prophesy too rigorously. It must be very clearly 
understood that one is in no way depreciating the 
magnitude of the discovery. Only a man of the acutest 
scientific awareness could have interpreted the im- 
portance of the results in the way that Fleming did. 


Another very similar piece of luck, if one can use 
that expression, was the discovery of X-radiation by 
Roentgen who noticed the ‘fogging’ of a photographic 
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plate in its wrappings when in the proximity of certain 
electrical discharges in vacuo and again this relatively 
simple observation gave rise to the whole of the science 
of radiology. There are a few other similar strokes of 
good fortune, but as already stated, it is impossible to 
foresee how, where or when these will arrive. 

Speaking from the medical point of view, the two 
fields in which we do want to have advances in the 
future are in diseases of virus origin and the cancer 
field. Some people consider cancer as a problem in 
virology, but one must admit that there is little evidence 
to connect most forms of human cancer with a virus 
origin. 

Chemotherapy and antibiotic therapy have been 
extremely satisfactory in dealing with microbial 
infections and even the question of resistance and lack 
of sensitivity of organisms has been largely overcome. 
Thus the resistant staphylococcus, one of the curses of 
hospital administration, has now been mastered. 
Extensive use of penicillin in Institutions has resulted 
in a wiping out of the penicillin sensitive organisms 
and this has left the penicillin resistant ones a more or 
less free field in which to grow and multiply. Amongst 
the most dangerous have been the staphylococci which 


resist penicillin through the .action of penicillinase 
which destroys the antibiotic. The recent production of 
semi-synthetic penicillins has produced substances 
capable of destroying the resistant staphylococci and 
it looks as if this menace has been finally overcome. 
Unfortunately the application of these principles have 
proved of no help whatsoever in the treatment of viral 
infections. Apart from the rickettsias, which after all 
are a very large virus, no agent has been found capable 
of dealing with the infections. The only therapeutic 
approach has been by immunization with vaccines 

Of all viral diseases the common cold is perhaps the 
most expensive in wasting industrial man-hours and it 
is to be hoped that in the future some stroke of good 
fortune will give us a clue to the cure of diseases such 
as the common cold and foot-and-mouth disease. 

Finally we turn to the question of cancer. Whilst 
extensive progress has been made we are still without 
that fundamental understanding of the cancer process 
without which a real cure would seem to be impossible. 
It is to be hoped that the constant pressure of research 
in fundamental aspects of growth and tissue metabolism 
will lead to the conquering of this, undoubtedly our 
greatest foe today. 


Forthcoming Conferences 


The Fourteenth Laboratory Animals Centre Congress 

This congress will be held at the University of Bristol on 

Monday and Tuesday, April 10 and 11, 1961. The provisionai 

programme is as follows: 

Monday, April 10: In the Large Engineering Lecture 
Theatre, Queen’s Building, University of Bristol, under 
the chairmanship of Prof. C. W. Ottaway, School of 
Veterinary Science, The University, Bristol, 8. 

10.00 a.m. Opening of Congress by Sir Philip Morris, C.B.£., 

M.A., LI.D., Hon.A.R.C.V.S., University of Bristol. 

Hamster Husbandry, by Mr. J. D. E. Menzies, 

Imperial Cancer Research Fund, Burtonhole 

Lane, London, N.W.7. 

Practical Applications of the Whitten Effect, by 

Mrs. Margaret Ross, National Institute for 

Medical Research, Mill Hill, London, N.W.7. 

The Care of Baboons, by Mrs. M. Rickell, The 

Mill, Monksilver, Taunton. 

12.00 noon Artificially Rearing Baby Pigs—Their Manage- 

ment and some Experimental Applications, by 

Mr. T. Smith, School of Veterinary Science, 

University of Bristol. 

Lunch at Churchill Hall. 

Visits: Party A: Bristol Zoo. 

Party B: Veterinary 
Langford. 
Party C: The Wildfowl Trust, Slimbridge. 

6.00 p.m. Dinner at Churchill Hall. 

(6.46 p.m. Annual General Meeting of the Animal Tech- 
nicians Association.) 

Tuesday, April \1: In the Large Engineering Lecture Theatre, 
Queen’s Building, University of Bristol. 

10.00 a.m. Standardization of Environment in Biological 

Experiments, by Mr. R. T. Charles, ‘Shell’ 

Research Ltd., Tunstall Laboratory, Sitting- 

bourne, Kent. 

Some Aspects of the Management of an Experi- 

mental Animal Wing, by Mr. L. E. J. Newhall, 

Microbiological Research Establishment, Experi- 

mental Station, Porton. 


10.15 a.m. 


10.50 a.m. 


11.25 a.m. 


1.00 
From 
1.45 p.m. 


Field Station, 


10.35 a.m. 
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The Creation and Running of Specific Pathogen- 
free Colonies, by Mr. C. N. Wentworth Cum- 
ming, Carworth Farms, Inc., New City, Rock- 
land County, New York; and Dr. Henry 
L. Foster, The Charles River Breeding Labora- 
tories, Brookline 46, Massachusetts, U.S.A. 
Lunch at Churchill Hall. 
Visits: Party D: Bristol Zoo. 

Party E: Veterinary 

Langford. 

Party F: The Wildfowl Trust, Slimbridge. 
6.00 p.m. Dinner in Churchill Hall. 
Admission to the congress is by invitation only; accommoda- 
tion at the University is available from Sunday evening, April 
9 until Wednesday morning, April 12. 


11.10 a.m 


1.00 p.m. 
From 


1.45 p.m Field Station, 


D.S.1.R. Conference in Swansea 
Rapid communication between science and industry is a 
vital link in modern technology. And today, when over three 
hundred million pounds are spent each year on industrial 
research and development, effective communication is a 
problem facing industrial and research management. 
Research results must be made known quickly and clearly 
to the widest possible technical audience; existing knowledge 
must be used with benefit; and the time lag between a 
scientific development and industrial application must be cut. 
This will be the theme of a two-day national conference 
‘Science and Industry—The Problem of Communication’ 
to be held at the Brangwyn Hall, Swansea on April 18 and 
19. Aimed at industry, especially firms in the rapidly 
expanding industrial areas of Wales, it will deal extensively 
with the many problems of disseminating research results. 
It is being organized by the Department of Scientific and 
Industrial Research, with the assistance of a local advisory 
committee under the chairmanship of Sir Maynard Jenour. 
The conference fee is five guineas, and those interested in 
attending are advised to apply without delay to the D.S.I.R. 
Liaison Officer for Wales, Block II, Government Buildings, 
Gabalfa, Cardiff 
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RECENT BRITISH STANDARDS 


Density Hydrometers and Specific Gravity Hydrometers 

The British Standards Institution has just published a new 
edition of B.S.718, ‘Density hydrometers and specific 
gravity hydrometers’ (price 10s.). Of the nine series of 
hydrometer specified in the 1953 edition for indications 
between 0°6 and 2:0 it has been found necessary to retain 
only five, the L20, LSO0, M50, M100 and S50. The bases of 
scale are now density (g./ml.) at 20°C. and specific gravity 
60/60°F., it having been decided that the difference between 
density at 15°C. and density at 20°C. is too small to warrant 
inclusion of the former basis, except for special purposes. 

To cover the special requirements of the petroleum 
industry, additional sub-series LSOSP and MSOSP have been 
introduced, for indications up to 1-1 and for the low surface 
tension category only, with smaller tolerances on scale 
error; the bases of scale for these special hydrometers are 
density at 15°C. or specific gravity 60/60°F. 

Various other modifications have been introduced which 
accord with international agreements evolved during the 
period 1950 to 1959, through discussions in the International 
Organization of Standardization. The dimensional changes 
result in more slender instruments which are nevertheless 
more robust. These instruments, while more sensitive to 
changes of surface tension than those previously specified, 
conform more closely to constructional practice in other 
countries, with the prospect of consequent benefit to the 
export trade. A further change is the adoption of a tolerance 
on scale error equal to plus or minus one scale division for 
all the general purpose hydrometers. 

A guide has been incorporated to help intending purchasers 
of hydrometers to secure the instruments best suited to 
their particular needs. The specification covers materials 
and workmanship, essential dimensions, construction, 
scheme of graduation of the scale, tolerances and inscriptions. 
In addition, there are appendices on: the determination of 
density and specific gravity, including precaution to be taken 
and corrections to be applied; the measurement of liquid in 
bulk; suitable vessels for hydrometer observations; buoyancy 
corrections for use in relating hydrometer readings and 
pycnometer observations; the density of distilled water 
between 0°C. and 42°C., and the relationship between the 
different bases of scale. 


Density-composition Tables for Aqueous Solutions of Sodium 

Chloride and of Calcium Chloride 
The British Standards Institution announces that B.S.823, 
first published in 1938, has been revised (price 8s. 6d.). The 
tables themselves based on the International Critical Tables, 
remain unchanged, but the accompanying text has been 
revised to accord with the latest edition of B.S.718, ‘Density 
hydrometers and specific gravity hydrometers’. 

The tables give density in grammes per millilitre of the 
aqueous solution, mass in grammes of NaCl (or CaCl;) in 
100 grammes of aqueous solution and mass in grammes of 
NaCl (or CaCl») in 1 litre of aqueous solution. For sodium 
chloride only, abridged tables are also included for ease of 
reference, which in addition give mass in pounds of NaC! in 
10 gallons cf aqueous solution. 


One-mark Pipettes 

The British Standards Institution has just issued, under the 
title ‘One-mark pipettes’, a revised edition of B.S.1583, 
which was first published in 1950 as ‘One-mark bulb pipettes’ 
(B.S.1583 : 1961, price 4s.). Thirteen sizes of pipette are 
now included, from 0-5 ml. to 200 ml., all being of the bulb 
pattern except that the 0-5 ml. size is a straight pipette and 


Copies of these standards may be obtained from the British Standards 
Institution, Sales Branch, 2 Park Street, London, W.1 
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that both bulb and straight patterns are permitted for 
Classes A and B pipettes of the | ml. size, and for Class B 
pipettes of the 2 ml. size. Full dimensions are given but only 
the essential ones are listed as mandatory, the remainder 
being given for the guidance of manufacturers 

The most important changes from the previous edition 

are the following: they take into account the work on this 
subject undertaken by the International Organization for 
Standardization (ISO): 

(a) The 0-5 ml. and 200 ml. sizes have been added and the 
2-5 ml., 30 ml., 35 mi., 40 ml. and 70 ml. sizes have 
been deleted 

(6) The recommended lengths have been modified 
slightly and an overall length has been added, only 
minimum lengths being now stated for suction tube 
and delivery tube 
The minimum distance of the graduation line from the 
top of the pipette is now specified as 100 mm. for all 
Sizes 
The previously specified drainage time of 15 seconds 
has been incorporated into the delivery time, for 
which the minimum specified has been slightly 
increased as far as Class A pipettes are concerned; 
this change was made as a result of an investigation 
which indicated that no loss of accuracy would result 
The inscription ‘Ex’ replaces *D* as an indication that 
the pipettes are graduated ‘to deliver’ 


Analysis of Copper Alloys 

Published in one volume, these five British Standard 
methods form part of a series of methods for the analysis 
of copper alloys (B.S.1748: 1961: Parts I to 5, price (6s.) 
Three other methods have already been published (Parts 
6, 7 and 8) and further methods will be re-issued in due 
course. 

The methods contained in Parts | to 5 of the standard are 
intended primarily for the analysis of the copper alloys 
included in B.S.1400, ‘Copper alloy ingots and castings’, 
and those being included in the series of schedules of 
wrought copper and copper alloys, B.S.2870 to B.S.2875, of 
which B.S.2871 has already been published 

Reagents are specified, together with test procedure from 
one sample weighing for the determination of copper, lead, 
iron, aluminium and nickel, in copper alloys containing 
1 to 14 per cent of tin, up to 2 per cent of nickel and small 
amounts of aluminium, for example, phosphor bronzes, 
leaded phosphor bronzes, gun metals and leaded gun metals. 
‘The sampling methods recommended are those given in 
B.S.1499, “Sampling non-ferrous metals’ 

While the methods may in some cases appear lengthy, it 
should be realized that they are put forward as referee 
methods to be used in cases of dispute 





LABORATORY APPARATUS AND MATERIALS 
EXHIBITION 


The second national Laboratory Apparatus and 
Materials Exhibition will be held in the Royal Horti- 
cultural Society’s New Hall, Westminster, from June 
19-22, 1961. 

Sponsored by Laboratory Practice, the exhibition 
is being held so that manufacturers of apparatus, 
materials and other products specifically produced for 
laboratories can show their equipment to scientists and 
laboratory executives in industry, research, education, 
medicine and national and municipal government. 
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News from the British Association of Chemists 


News from the Sections 





London 


The 43rd Annual Meeting of the 
Section was held at the Wellcome 


Research Institute on February 15, 1961. 
1961-2 
G 


The following Officers for 
were elected: Chairman: Mr. a 

obertson; Vice-Chairman: Dr. A. T. 
Healey; Hon. Treasurer: Mr. H. Morris; 
Hon. Secretary: Mr. E. Love; 
Section Councillors: Messrs. E. Burwell, 
R. E. Love, G. H. Clarke and W. A. 
Phillips; Committee Members: Miss M. 
Locke and Messrs. C. W. Capp, P. 
Horridge, F. Jowett, V. Lambert, J. A. 
Newell, D. Oglesby and E. H. G. 

rgent. 

After the conclusion of the business of 
the meeting a most interesting lecture, 
‘Chemistry in the Footwear Industry’, 
was given by Mr. F. Jowett, M.sc., of 
which the following is a summary: 

‘Chemistry impinges on the footwear 
industry in a number of aspects. The 
chemistry of leather and tanning, syn- 
thetic rubbers, textiles, as used for 
various linings, adhesives, and synthetic 
resins are all involved in various stages. 

“During the manufacture of footwear 
raw materials are received in the cutting 
room. They are then divided, part going 
into the closing room, where uppers are 
made, and part to the stock room where 
the “bottoms” are fabricated. The two 
sections are finally brought together and 
completed in the making room. 

“The uppers are built round a wooden 
last. They are folded over the base of the 
last, and in most men’s shoes (formerly 
for all shoes) a welt is stitched to the 
upper, after the part of the upper folded 
under the last has been roughed to 
remove all surface coating. The sole is 
finally stitched through the welt. This 
may be a source of trouble later as 
stitching can never remain absolutely 
waterproof during wear. 

. ified process, commonly used 
for ladies’ and children’s shoes, involves 
the direct adhesion of the sole to the 
upper by either a nitrocellulose or a 
neoprene adhesive, the latter being used 
with rubber soles. This is known as the 
“Direct Stuck” process, and is more 
automatic than the older process above. 

‘A modern ingenious process, de- 
veloped since 1950 is based on the use of 
a three-piece mould into which the 
uncured rubber used for the sole is 
poured. The upper is contained on a 
metal last and coated with an adhesive, 
the cure time of which is the same as that 


of the rubber for the sole. A piston 
presses the rubber on the upper in the 
pattern of the sole. A temperature of 
135°C. is required for 8-10 minutes, and 
great care must be taken to avoid 
damage to the leather at this temperature. 


‘Some improvements have been 
effected to reduce cure time. Thus pre- 
heating the rubber reduces time by 
one-fifth, and incidentally increases 
production by this amount. Careful 
adjustment of accelerators and catalysts 
has enabled a still further speed-up in 
the cycle to take place. 

‘An impregnated fabric or fabric 
coated polyvinyl chloride is used for the 
toepuff of the shoe. The present tendency 
to highly pointed shoes has increased the 
difficulty of the manufacturing process. 


‘Heels are made by a number of 
processes. One type is simply an in- 
jection moulded polystyrene. Another 
type consists of two pieces of beech 
stuck with a polyvinyl! acetate adhesive, 
the grain of the two pieces being at right 
angles. The fashion for very pointed 
heels for ladies’ shoes has caused a 
number of technical complications. An 
8 st. wearer of stilletto heels will put a 
weight of about } ton per square inch 
on the heel when walking. Apart from 
damage to floors and carpets, it is 
impossible to tip the heel with leather, 
which would last about five minutes 
under these conditions. Steel or a very 
hard rubber must be used, and even then, 
the problems of fixing a tiny heel are 
considerable. 


‘The wooden lasts are based on a 
master copying last. Both epoxide resins 
and the new Delrin, a polyaldehyde have 
been utilized. Polyvinyl chloride has 
been used for soles. Acrylic resins are 
sometimes used as a surface coating for 
the leather. 


‘A variety of adhesives are required in 
the footwear industry. These include 
polyvinyl acetate and polyamide. Shoes 
normally contain a metal shank to 
strengthen the instep, but these have 
now sometimes been replaced by 
impregnated fibreglass. 


‘It was worthy of note that since 1935 
the sale of footwear had barely kept up 
with the rise in population. At least one 
organization, which had specialized in 
keeping absolutely up to date technically, 
had actually increased its sales several 
times since 1945.” 


After the lecture there were a number 
of questions from members present 


which were answered in detail and with 
great clarity by Mr. Jowett who was 
obviously a master of his subject. 


Liverpool 

On January 25, 1961, the Liverpool 
section held one of the best attended 
meetings for a number of years, with a 
particularly large attendance from the 
Monsanto Chemical Works, Ruabon. 
Members at this works expressed a 
desire to form a branch within the 
section. The following officers were 
elected: 

Chairman: Mr. H. L. Haigh 

Vice-Chairmen: Messrs. J. S. Frodsam 
and W. S. Reid 

Hon Secretary: Mr. K. S. Ford 

Hon. Treasurer: Mr. G. Ikin 

Hon. Recorder: Mr. A. R. Jones 

Education Officer: Mr. G. H. Dunn 

Committee: Messrs C. H. J. Wylie, W. 
Quirk, B. Stockton, T. E. Fawcett, 
K. Thompson, T. O. Matthews, G. H. 
Martin, H. Clarke, R. J. Mollard and 
E. M. Francis. 


Obituary 

It is with great regret that we record the 
decease of Mr. Herbert Richard Neech, 
F.R.I.C., who was Hon. Treasurer of the 
B.A.C. from 1949 to 1956. He had been a 
Member since 1919 and was elected a 
Life Member of the Association in 1946. 
Mr. Neech was aged 81. He joined 
Morris & Co., Doncaster, as an 
apprentice in 1895, and five years later 
was appointed an assistant chemist with 
the same firm. Thereafter he became 
successively technical manager with 
Productos Chemicos de Huelva, an 
associate company of the Rio Tinto Co., 
1905; chemical engineer, W. J. Fraser 
& Co. Ltd., London, 1907; and con- 
sulting chemist in practice in Lincoln, 
1909. During the first World War he 
served on the technical staff of the 
Ministry of Munitions at H.M. factories 
at Queensferry and Gretna. In 1920 he 
joined Brands Pure Spelter Co. Ltd., 
Irvine, as works manager, and six years 
later took a similar post with Irvo 
Fertilisers Ltd., Irvine. In 1928 he 
joined Imperial Chemical Industries Ltd. 
as a technical chemist, and remained 
with that company until the outbreak 
of the Second World War, when he was 
seconded to the Ministry of Supply as 
consultant to the D.O.F.(X). He returned 
to Imperial Chemical Industries Ltd. in 
1943 and retired shortly afterwards. His 
keen interest in helping others and his 
kindly approachable manner endeared 
him to all who knew him. 





All correspondence and enquiries concerning this Association should be addressed to G. R. Langdale, Esq., The 
British Association of Chemists, Nomination Dept., 14 Harley Street, London, W.1. Tel.: Museum 7021. 
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LABORATORY 
EQUIPMENT & APPLIANCES 


New Automatic 


A fully-automatic filling machine, known 
as the Filamatic, designed to dispense pre- 
measured quantities of liquid, auto- 
matically and continuously, at a uniform 
selected speed has been introduced to 
this country. A range of ingenious 
accessories make it a remarkably 


versatile machine with a wide field of 


applications. 

The Filamatic may be fitted with 
interchangeable glass or stainless steel 
syringes of 1, 3, 5, 10, 20, 30 or 50 ml 
capacity, and special large models are 
available up to 1,040 ml. capacity. It 
will handle any free-flowing liquid from 
water-thin solutions to light oils, 
polyester and epoxy resins, agar gel, etc. 

The machine provides an accuracy of 
better than | per cent, and has invaluable 
applications in industry for filling vials, 
ampoules, bottles, tubes, etc., and for 
metering small quantities of liquids in 
production processes. It may also be 
used for laboratory work, e.g. for dis- 
pensing reagents in series tests or, with 
a ‘single-shot’ attachment, for such 
operations as the rapid inoculation of 
large numbers of laboratory animals. 

The Filamatic incorporates an 
electronically-controlled, variable-speed 
drive, providing stepless speed-control 
at constant torque, regardless of load 
variations. The volume of liquid dis- 


’ a 


The Filamatic filling machine. 
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Filling Machine 


charged at each stroke is regulated by 
an eccentric on the crankshaft and is 
adjustable by a micrometer control. 
The machine is extremely robust, 
requiring no maintenance beyond the 
replacement of two inexpensive thyra- 
tron valves after 2,500 hours operation, 
and the whole pumping mechanism is 
rapidly removable for cleaning or 
sterilizing 
(Available from: Shandon Scientific Co., 
Ltd., 6 Cromwell Place, London, S.W.7.) 


Plastic Tubing 
Escoplastic clear or translucent vinyl 
tubing, which can be sterilized in steam 
at 120°C., is now available in three 
flexible grades, all of which have been 
tested and found to be non-toxic and 
non-pyrogenic for blood transfusion 

All these grades, namely E.R.P., 
E.R.P./S and H.R.S./S, apart from 
medical, surgical and pharmaceutical 
applications, can be used not only for 
water, milk and other beverages, but 
also for contact with many chemical 
substances. 

The company also make orange 
coloured Escoplastic vinyl pipette teats. 
These too have been subjected to various 
tests with a number of strong acid 
solutions and have been found to with- 
stand such tests more satisfactorily than 
rubber teats. 

Samples of both tubing and teats can 
be obtained on request from the manu- 
facturers 
(Manufacturers: Esco (Rubber) Ltd., 
34-36 Somerford Grove, London, N.16). 


Sectional Hot Rooms 

In addition to electrically heated labora- 
tory apparatus, such as incubators, 
ovens, baths, etc., it is often desirable to 
use a room which may be maintained at 
a constant and exact degree of heat. The 
latest addition in this field is the sectional 
hot room which has been designed 
specially for continuous use. All sections 
are easily transportable and can be 
passed through normal door openings 
for erection on site by unskilled labour. 

The interior of the rooms offers 
considerable space for the erection of 
storage racks; racking is not included 
with the rooms, but quotation can be 
given on receipt of full details as to 
requirements. 
(Manufacturers: Charles Hearson & Co 
Ltd., 68 Willow Walk, Bermondsey, 
London, S.E.1). 


LABORATORY PRACTICE 














Surface Heating 
Development 


A new type of electrical heating tape is 
now being marketed. Known as the 
Hotfoil flat element heating tape (the 
invention of Dr. Paul Eisler, who 
originated the printed circuit) it intro- 
duces a new conception of heat transfer 
efficiency. The flat element gives a 
vastly improved heat flow as it lies very 
close to the object to be heated and heat 
can flow from the whole flat surface of 
the element. Moreover the element 
achieves the desired result at a much 
lower temperature than a comparable 
wire element 

These flat elements are made of thin 
metal foil. Six of them are laid side by 
side in | in. wide tape and they are both 
individually and collectively insulated 
with a high temperature polytester 
plastic material (Melinex). In a 1 in 
width of tape no less than ? in. is heating 
surface whereas with round wires there 
are only six infinitesimally narrow lines 
The result is a tremendous leap forward 
in the electrical loading which can be 
provided per foot of tape 

By virtue of these high powers 
Hotfoil tapes can be used to raise the 
temperature of fluids in pipes or con- 
tainers as well as to compensate for their 
heat losses. The applications of Hotfoil 
tapes are numerous and diverse and 
include heating the contents of road 
tankers, the de-icing of aircraft, the 
curing of adhesives, and the heating of 
laboratory equipment. 
(Manufacturers: The M.E.1. Co. Ltd., 
Upper Villiers Street, Wolverhampton). 
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The ‘S’ Micro Pump 


The range of DCL metering pumps is 
being further extended by the addition 
of the type ‘S’ micro pump. 

The pump is available in a range of 
capacities—the smallest from zero to 
100 cc./hr.—the largest from zero to 
1,500 cc./hr.—controlled by micrometer 
adjustment. The standard plunger heads 
are constructed in 18/8/3 stainless steel. 
Diaphragm heads in a wide range of 
materials are also available. 

The synchronous motor is arranged, 
for safety, to operate from a 25/30 volt 
supply, and where such a supply is not 
available, a small portable plug-in type 
transformer is supplied to enable the 
equipment to be used from any normal 
a.c. voltage. The Nelson hetrapolar 
motor is gearless and two speeds are 
available. 

The motor assembly for the single and 
duplex pumps is identical and the 
Simplex pump can be used either with 
one head or, by the addition of a second 
pumping head, be converted into a 
duplex pump. The heads, which operate 
180° out of phase, improve flow 
characteristics if they are coupled in 
parallel. 

Alternatively, the two heads of the 
duplex pump can be used independently, 
both being controlled for output by 
micrometer adjustment. 

The price of the standard ‘S’ micro 
pump with plunger head is £75 and of 
the plug-in transformer with 8 ft. of 
lead is £4. 10s. At present the pumps are 
available in standard materials from 
stock. 

(Manufacturers: The Distillers 
Ltd., Great Burgh, Epsom, Surrey.) 


Co., 


Gamma Flow 
Detector NE 813 


The increasing use of flow methods in 
radiation detection has lead to the 
development of a special flow counter 
suitable for continuous monitoring of 
gamma activity in liquids and gases. The 
NE 813 detector consists of an 8 ft. 
length of 1:3: mm. inner diameter 
P.T.F.E. tubing coiled on a Ij in. 
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diameter rod of plastic phosphor NE 
102, and inserted in a 5 in. diameter 

5 in. high well-type unit of plastic 
phosphor NE 102. 

The detector is suitable for the 
monitoring of effluents from ion ex- 
change columns, for monitoring the 
activity of isotopes in aqueous or 
organic media, and for the analysis of 
activity in process streams. This unit is 
of particular value in radiation detection 
of biological fluids in medical and bio- 
chemical studies, and may also be used 
for the measurement of gamma activity 
of liquids in static systems. 

The NE 813 detector is supplied with 
an efficient reflector and can be mounted 
directly on any standard 5 in. diameter 
photomultiplier using silicone fluid as 
a coupling medium. The P.T.F.E 
tubing employed is chemically inert, 
insoluble in all solvents at ordinary 
temperatures and easily cleaned. 

Special and spare inserts of different 
diameters of tubing can be supplied on 
request. 

(Manufacturers: Nuclear Enterprises 
(G.B.) Ltd., Bankhead Medway, Edin- 
burgh, 11). 


Gamma flow detector. 


Digital Readout 
Differential Refractometer 
The element of human error has been 
eliminated in the measurement of small 


differences in the index of refraction 
of liquids by a new digital refractometer 
which makes use of a null meter and 
direct digital readout to measure index 
of refraction changes as small as 
0-0000005 index of refraction units. The 
electronic null circuit replaces the eye- 
piece of the microscope and the digital 
readout eliminates the errors that can 
be introduced when comparing samples 
with the human eye 

The instrument can be set so that 
1000 units on the digital readout is 
equivalent to a refractive index range as 
narrow as 0-0005 R.I. or as wide as 0-2 
R.I. Instruments can be supplied for a 
fixed factory calibrated range and with 
accessories to obtain any range between 
0-0005 and 0-2 refractive index units 

The operation of the instrument is 
based on the principle that a light beam 
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Digital refractometer. 


is bent when it is passed through a 
liquid. A light beam from a small 
incandescent lamp is directed through a 
slit, mask and lens to a cell containing 
the sample liquid. The beam passes 
through the sample liquid and then a 
reference standard liquid to a mirror 
mounted behind the cell. The mirror 
reflects the beam back through the cell 
to a beam splitting mirror. Each half of 
the beam then falls on a cadmium 
sulphide photocell. When equal amounts 
of light fall on each photocell the null 
meter indicates zero. If the light beams 
are not equal the meter deflects corres- 
pondingly to the right or left. 

After the reference cell has been filled 
with the appropriate standard liquid 
and the instrument set for the desired 
range a test sample of 1-5 cc. is intro- 
duced into the sample cell with a 
hypodermic syringe. If the sample varies 
from the standard the beam is deflected 
and the null meter deflects. To return 
the null meter to zero the control knob 
on the right hand side of the case is 
adjusted. This knob rotates the null 
glass beam deflector and restores the 
beams to balance. The digital readout 
which is geared to the null glass indicates 
the amount of adjustment required to 
balance the beams and hence indicates 
the amount the sample varies from the 
standard. The digital readout is gradu- 
ated from 000 to 1000 and can be easily 
read to one digit. An accuracy of one 
unit in 1000 units is, therefore, easily 
obtained. Variations in ambient tem- 
perature do not affect the accuracy so 
that no thermostating is required. 

Model 107A is provided for research 
investigations in liquid chromatography, 
molecular weight measurements, ion 
exchange studies and pilot plant evalua- 
tions of new products. The research 
model is usually provided uncalibrated 

Model 107B is provided for quality 
control of batch or continuous processes 
It is factory calibrated for a particular 
application. 

In the recording version the complete 
analogue section is actually located 
within a standard strip chart recorder 
thus requiring a minimum of space and 
permitting great flexibility of mounting. 
(Manufacturers: Waters Associates, 
Framingham, Massachusetts, U.S.A., 
Sole U.K. distributors: Scientific Furn- 
ishings Ltd., Poynton, Cheshire) 
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A new laboratory mixing unit. 


The Waring Aseptic 
Dispersall Blendor 


When blending infected animal and 
human tissues at high speeds in a mixer 
or blendor running at 8,000 to 16,000 
r.p.m., scientists at the United States 
Army Chemical Research Station (Fort 
Detrick), Frederick, Maryland, dis- 
covered that the operators and others in 
the immediate neighbourhood fell vic- 
tims of the diseases affecting the tissues, 
such as cancer and tuberculosis. 

The Waring Products Corporation, a 
subsidiary of the Dynamics Corporation 
of America, immediately, in conjunction 
with the American scientists, set to 
work to solve the problem. 

It was found that the ordinary 
blendors created a local atmosphere 
containing very minute invisible particles 
of the diseased tissues. This, as an 
aerosol, would infect a wide area and 
eventually contaminate the whole room 
where the blending was done. 

The result was a completely gas-tight 
mixing chamber, which had no leakages 
at any point, known as the Waring 
Aseptic Dispersal! Blendor Model AS-1. 

The container, which fits on to the 
standard 700S Waring Blendor base, has 
a lid whose O-ring gasket and three 
thumbscrew clamps render it gas-tight. 

The difficult problem was to prevent 
the materials contaminating the bearing 
in the bottom driven agitator assembly, 
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which drives the mixing blades. Eventu- 
ally this was done by a special con- 
struction that eliminates either the 
upper or lower bearings of the drive 
acting as a fluid seal against any 
ingredients being blended. 

The base of the container is jacketed, 
so that it may be either cooled or heated. 

By the use of two fittings marked ‘In’ 
and ‘Out’ continuous flow blending is 
possible, while the aspirator tube may 
be used for sampling control 

This unit has wide application with 
pathologists, biologists, bacteriologists, 
clinic workers, scientists and medical 
men, bio-engineers, the quality control 
of the production of vaccines, toxoids 
and so forth. 
(Marketed by: Winston Electronics Ltd., 
Shepperton, Middlesex) 


Thin-layer 
Chromatography 
Thin-layer chromatography equipment 
is now freely available in this country. 
Thin-layer chromatography is an 
adsorption-chromatographic quick 
method which makes possible the 
separation of minute amounts of sub- 
stances, by micro methods, in not more 
than 30 minutes on a path of only 10 cm. 
The carrier material consists of special 
glass plates which are prepared with a 
purely organic, firmly adhering, layer of 
silica-gel ‘“G’ Merck of 275 u thickness. 
On a norma! plate ten separations can 
be carried out simultaneously. After use, 
silica-gel G layers can easily be rinsed 
off the plates, which are then ready for 
further experiments. Coated glass plates 
can be compared, in a certain sense, 
with ‘open adsorption columns’, Le. 
a change from the close column method 
of Tswett to an open column method, 

modified as above. 

The principal uses of the thin-layer 
technique can be given as follows: 

1. Separation of lipophilic substances, 
e.g. all mixtures which have hitherto 
been separated in columns. 

2. Comparison of natural and syn- 
thetic mixtures, e.g. ethereal oils, resins, 
waxes, fatty dyes, tars. 

3. Tests on homogeneity of fractions. 

4. Rapid determination of the course 
of chemical reactions in organic chem- 
istry, e.g. transformation of functional 
groups, dehydrations, condensations, 
auto-oxidations 

5. Detection of fat-soluble vitamins 
and drugs in the body-fluids 

Silica-gel G layers permit the use of 
even the most aggressive spray agents, 
heating till charring of certain sub- 
stances, and the rendering visible of 
colourless substances by ultra-violet 
light without the annoying character- 
istic fluorescence of the adsorbent. 
(U.K. Agents for Desaga thin-layer 
chromatographic equipment: Camlab 
(Glass) Ltd., Milton Road, Cambridge). 


LABORATORY PRACTICE 


N.E.L. manometer. 


Vacuum Manometer 

The conventional type of U-tube 
portable vacuum manometer is un- 
reliable due to leakage of air into the 
closed limb. This leakage introduces 
errors of measurement which increase 
rapidly at higher pressure measurements 
The new N.E.L. manometer developed 
at the National Engineering Laboratory 
is designed to reduce these errors. A 
bulb is blown at the top of the closed 
limb to provide expansion space for 
entrapped gas which arises either by 
leakage past the mercury column or by 
evolution from the mercury itself. An 
identical bulb is blown at the bottom of 
the open limb to receive the mercury 
which falls from the other bulb when the 
manometer is connected to vacuum. In 
order to minimize the ‘hammer’ effect 
when the vacuum is suddenly released a 
short lengh of small bore capillary tube 
is used to connect the two limbs. 

The range covered is 0-300 mm. Hg 
and the reduction in error compared to 
a conventional U-tube manometer with 
the same volume of entrapped gas is 
from 17 mm. Hg error to 0-33 mm. Hg 
error at 300 mm. Hg. 

(Manufacturers: N.G.N. Electrical Ltd., 
Accrington, Lancs.) 





LABORATORY EQUIPMENT 
We are always pleased to publish 
news of developments in the 
scientific field and manufacturers 
are requested to let us have full 
details whenever available. 
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General 


Micro- and Semi-Microchemical Methods 
Commencing April 22, 1961 a course of 
12 lectures and appropriate practical 
work under the title ‘An Introduction 
to Micro- and Semi-Microchemical 
Methods’ will be held on Saturday 
mornings at the Norwood Technical 
College, London, S.E.27, from 9.15 a.m. 
to 12.30 p.m. 

This course, which is particularly 
suitable for teachers and industrial and 
research chemists, is designed to survey 
the principal branches of chemistry in 
which small-scale methods have been 
successfully applied. 

Lectures, illustrated by demonstra- 
tions, will deal with the following topics: 
Scope, aim and achievements of small- 
scale techniques; design and construc- 
tion of simple apparatus; organic and 
inorganic preparations on the reduced 
scale; simple chemical microscopy and 
photomicrography ; inorganic qualitative 
analysis; organic qualitative and quanti- 
tative analysis; physicochemical methods 
of analysis; chromatography; small- 
scale techniques for the determination of 
molecular weight, etc. 

In the main, apparatus either easily 
constructed or normally at hand will be 
used, as the course is of an essentially 
practical nature. 

Application forms for admittance to 
the course may be obtained from the 
Secretary of the College. The London 
fee for the course is £1. 


Manufacturers’ News 





Laboratory Equipment on Show 

An exhibition of laboratory equipment 
supplied by the companies represented 
in the north of England by Mr. A. 
Christison was held in the Science 
Department, College of Further Educa- 
tion, Newcastle upon Tyne from March 
21 to 23. 

Among the exhibits was a range of 
Jena and Brand glassware, Royal Berlin 
porcelain, Merck chemicals and high 
temperature refractory materials, a 
selection of equipment from Anderman 
& Co. Ltd., and also from Charles 
Hearson & Co. Ltd., and Esco (Rubber) 


Ltd. 


Griffin & George Birmingham Exhibition 
Griffin & George showed a wide range 
of laboratory equipment at the Matthew 
Boulton Technical College, Birmingham, 
from February 10 to February 14. 

With the aid of 12 specially invited 
outside suppliers, £10,000 worth of 
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instruments, apparatus and laboratory 
furniture was on show, including new 
items such as an oscillating hotplate, the 
Griffin-Grundy oven and their new kit 
of apparatus for the teaching of science 
in junior schools. Optical equipment 
manufactured by R. & J. Beck Limited, 
who recently joined the Griffin & George 
Group, also made an interesting display. 


Personal 


Mr. J. W. Haig-Ferguson 

Mr. J. W. Haig-Ferguson, M.A., A.M.1 
Mech.E., A.M.I.E.E., A.M.I.Prod.£., has 
recently been appointed managing 
director of R. & J. Beck, Ltd., 68-71 
Mortimer Street, London, W.1., one of 
the Griffin & George Group of Com- 
panies, and manufacturers of optical 
instruments for surveying, industry, 
education and research. 


Mr. J. W. Haig-Ferguson. 


Mr. Haig-Ferguson was born in 1923 
in Edinburgh and was educated at 
Wellington College and Queens’ College, 
Cambridge. In the latter part of the war 
he served as an officer in R.E.M.E. 

After varied industrial experience in 
the technical and production side of 
industry, he was appointed Divisional 
Director (Electronics) of Bruce Peebles 
& Co. Ltd., Edinburgh, and was 
responsible for the newly-formed Elec- 
tronics Division of R. & J. Beck. 


Mr. E. T. Card 
Mr. E. T. Card has been appointed a 
Director of Electrothermal Engineering 
Limited. 


Publications 


The Achema Year Book 
The Achema Year Book 1959/1961, 
European Catalogue of Chemical! Plant, 
Apparatus and Instruments has just been 
issued. This work in four languages 
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(English, French, German and Spanish) 
edited by H. Bretschneider on behalf of 
the Dechema Deutsche Gesellschaft 
fiir chemisches Apparatewesen, Frank- 
furt (Main) is in two handsomely bound 
and very well printed volumes. 

It serves to assist those who intend to 
participate in Achema Congress 1961 
(June 9 to 17 in Frankfurt) and is a 
reliable work of reference of lasting 
value. 

Volume I, containing 666 pages, 
consists of a general section as well as 
reports from 106 European institutions 
in 12 countries which are engaged in 
education and research in the field of 
chemical engineering and chemical 
technology. It also contains progress 
reports from 147 firms in the plant 
manufacturing industry. 

Volume II, which contains 496 pages, 
gives the names of over 1,200 exhibitor 
members of the ACHEMA Congress 
1961 from 15 countries, together with 
their products and exhibition stand 
numbers. The most impressive part of 
this volume gives answers to the 
questions ‘Who can supply ?—Who can 
furnish information?’ with regard to 
more than 7,000 items of complete 
plants, equipment, machinery, instru- 
ments for measurement and control, 
materials of construction and auxiliaries 
for science and technology. A list of 
trade names and an advertisement 
section complete the volume. Whereas 
the first volume is written in four 
languages throughout, the second is 
published as an_ English, French, 
German or Spanish edition 


Mineral Processing Research 

The Warren Spring Laboratory are to 
issue from time to time Information 
Notes dealing with topics of current 
interest and the first two have just 
become available 

The first of these deals with current 
research based on a world wide enquiry 
in the field of supercritical grinding and 
the second reviews the available theoreti- 
cal and practical knowledge of the 
design and performance of cyclones. 


Research on Tin 

The Tin Research Institute’s Annual 
Report for 1960 covers the activities of 
the Institute at Perivale, Middlesex, and 
of its Offices in the United States, 
Canada and six European countries. 

The Report deals item by item with 
the progress of the researches in the 
various departments of the Institute 
Among the new lines of work mentioned 
are: tin as a deliberate addition to steel 
and also in cast iron; aluminium-tin 
bearings; studies on tin-titanium-oxygen 
and on tin-ti anium alloys; the structure 
of electrodeposited alloys; bright elec- 
trotin deposits; the reactivity of surface 
zones in steel strip used for tinplate; the 
influence of tin on the hardness of 
silver; and discoveries in the field of 
organotin chemistry. 
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it’s the tone that makes the music 


and fidelity that makes the tone. The musician 
tunes his instrument not according to some 
fork, but according to the tuning-fork with 
the concert-pitch 

Success depends on purity also in chemistry, 
for example, in analysis the specially tested 
“Guaranteed Reagents Merck” are “Hi-Fi- 


tones” 


We supply numerous chemicals in various 
degrees of purity: 

® purified 

® pure 

e@ extra pure 

e Guaranteed Reagent 


For every scope the specific preparation is 
available with us and the right selection only 


proves the expert 


Let us help solving your problem! 


Distributors in the United Kingdom 
Messrs. Anderman & Co. Ltd., Battlebridge House, 
87 - 95 Tooley Street, London, S. E.1 


E.MERCK AG DARMSTADT 


Germany 


Please visit us at the ACHEMA 1961 
Frankfurt/Main, hall 7, stand B/C 17-19. 
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CATALOGUES, BROCHURES & LEAFLETS 


Received from Manufacturers 


Microscan X-ray Analyser.—List 
177/2 recently published by the Cam- 
bridge Instrument Co., Ltd., of 13 
Grosvenor Place, London, S.W.1. gives 
a comprehensive description of the 
company’s Microscan x-ray analyser 
which is now in full production. The 
technique of x-ray microanalysis consists 
of focusing an electron beam, normally 
accelerated from 0 to 50 kv., on to a 
region of the specimen surface approx- 
imately | in diameter and rather less in 
depth and analysing spectroscopically the 
resulting x-rays excited from the speci- 
men. As well as static probe point-by- 
point quantitative microanalyses, the 
instrument can also be used for scanning 
the surface of the specimen over an area 
up to 4 mm. 4 mm. 

Trace Interrupter.—Leaflet No. 81 
issued by Bryans Aeroquipment Ltd., of 
1 and 15 Willow Lane, Mitcham, 
Surrey, describes the trace interrupter 


which has been designed as an accessory 
to the Bryans *X" and ‘Y’ co-ordinate 
plotting table, and enables curves to be 
plotted in numerous patterns of trace, 
instead of a continuous line. The unit 
will produce three basic patterns of 
trace, selection of which is by means of a 
switch: 

‘Short’—a series of short dashes with 
a low mark to space ratio. 

‘Long’—a series of long dashes with a 
high mark to space ratio. 

‘Alt..—a series of alternating short 
and long dashes. 

Electrical Research.—The January 
1961 issue of Co-operative Electrical 
Research, published by the British 
Electrical and Allied Industries Research 
Association of Cleeve Road, Leather- 
head, Surrey, contains articles on 
‘Thermal Deterioration of Insulation,’ 
by S. G. Day, ‘Discharges in Oil-Paper 
Insulation,” by Z. Krasucki, the new 


E.R.A. committee structure and test 
buildings for heating research. 

Marconi Instrumentation.—The 
standard signal generator, Type TF 
144H, the A.C. Microvoltmeter, TI 
1375, the F.M. signal generator, Types 
TF 1066 B & B/1, and the decoder, 
TF 1392 are all described in the Decem- 
ber 1960 issue of Marconi Instrumenta- 
tion published by Marconi Instruments 
Ltd., of St. Albans, Herts. 


Stable Isotopes and Compounds. 
New Price List D issued by Bio-Rad 
Laboratories, 32nd and Griffin Avenue, 
Richmond, California, describes com- 
plete line of Bio-Rad stable isotopes and 
stable-isotope labelled compounds. A 
novel feature is the description of a 
heavy-water lease/purchase plan—per- 
haps the first time that a chemical has 
been made available on a rental basis, 
although commercial radioactive sources 
are sometimes leased. Actual use for 
heavy water may be as a reagent in 
chemical reactions, for use as a modera- 
tor, or as a factor in biological studies. 


MEETINGS FOR THE MONTH 


We give below a selection of meetings of 
interest to laboratory workers. Details 
are as full as possible at the time of going 
to press, but readers requiring further 
information or confirmation of arrange- 
ments should contact the organizers. 


April 14 
The Society of Instrument Technology 
(Midland Section). In the Lecture 
Theatre of the Byng Kendrick Suite at 
the Gosta Green College of Technology, 
Aston Street, Birmingham. 6.30 p.m. 
Annual General Meeting. 


April 17 
The Society of Instrument Technology 
(Bristol Section). At the University of 
Bristol, Department of Physics, The 
Royal Fort, Bristol, 8. 7.30 p.m. 
Annual General Meeting followed by a 
film show. 


April 18 
The Institute of Science Technology. At 
the London School of Hygiene and 
Tropical Medicine, London, W.C.1. 
6.30 p.m. ‘The Health of the Nation’, 
by Dr. Stuart W. Hinds. 


April 20 
The Society of Instrument Technology 
(East Midland Section). At the College 
of Further Education, Greenclose Lane, 
Loughborough. 6.45 p.m. Annual 
General Meeting followed by Presi- 
dential Address. 


April 24 
The Chemical Society (Cambridge). In 
the University Chemical Laboratory 
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Mid-April to Mid-May 


Lensfield Road, Cambridge. 5 p.m. 
‘Stereo-chemistry of some Dissolving 
Metal Reductions’, by Dr. M. J. T. 
Robinson. 


April 25 
The Institution of Chemical Engineers. 
At the Park Lane Hotel, Piccadilly, 
London, W.1. 39th Annual General 
Meeting and Annual! Dinner and Dance. 


April 26 

The Society for Analytical Chemistry 
(Midlands Section). At the University, 
Edgbaston, Birmingham. 7 p.m. Joint 
meeting with the Physical Methods 
Group of the Society on ‘Spectro- 
fluorimetry’, by Dr. C. A. Parker and 
‘Tesla Luminescence’, by Dr. R. J. 
Magee. 3 p.m. Visit to the Mond Nickel 
Co. Ltd. 


April 27 
The Chemical Society (North Wales). In 
the Chemistry Department, University 
College, Bangor. 5.45 p.m. ‘Forensic 
Science’, by Dr. F. G. Tryhorn, F.R.1.c. 


April 28 
The Chemical Society (St. Andrews and 
Dundee). In the Chemistry Department, 
St. Salvators College, St. Andrews. 
5.15 p.m. ‘Chemistry of Photography’, 
by Mr. J. M. Taylor. 


The Society for Analytical Chemistry 
(North of England Section). At the 
Central Hotel, Victoria Viaduct, Carlisle. 
7.15 p.m. Joint meeting with the Scottish 
Section of the Society on ‘lon Exchange’, 
by T. R. E. Kressman, B.Sc., PH.D., 
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F.R.LC. and ‘The Determination of 
Nitrates with Particular Emphasis on 
the Use of Dead-stop Titrimetry’, by 
A. F. Williams, B.Sc., F.R.1.C. 


The Society for Analytical Chemistry 
(Western Section). At Cardiff Joint 
meeting with the South Wales Section 
and the Food Group of the S.C I. on 
‘Modern Legislation in relation to 
Food Additives’, by C. A. Adams, 
C.B.E., B.Sc., F.R.1.¢ 


May 4 
The Chemical Society (London). In the 
Rooms of the Society, Burlington 
House, London, W.1. 7.30 p.m. Simon- 
sen Lecture, ‘Some Pathways in Bio- 
synthesis’, by Prof. A. J. Birch, D.Ppil., 
F.A.A., F.R.S 


The Chemical Society (Hull). In the 
Department of Chemistry, The Uni- 
versity, Hull 5 p.m. “The Electron Spin 
Resonance of some Inorganic Crystals’, 
by Prof. H. C. Longuet-Higgins, M.a., 
D.Phil., F.R.S. 


The Chemical Society (Newcastle). In 
the Chemistry Department, Kings 
College, Newcastle upon Tyne. 5.30 p.m. 
Bedson Club Lecture, ‘Anatomy of 
Haemoglobin’, by Dr. M. F. Perutz, 
F.R.S. 


The Chemical Society (Durham). In the 
Science Laboratories, The University, 
Durham. 5 p.m. ‘Recent Advances in 
the Chemistry of D Vitamins’, by Prof. 
B. Lythgoe, Ph.D., F R LC., F.R.S. 


APRIL 1961 





Put to the test 


Samples from every batch of M&B 
laboratory chemicals are subjected to 
stringent tests by May & Baker analysts 
-you can be sure that each M&B chemical 
you use conforms to our high standards 
of specification. 

Our extensive range of M&B laboratory 
chemicals has been developed to meet all 
everyday analytical and educational 
needs as well as to provide a selection of 
chemicals for specialized laboratory 


work. 


Detailed information is available on request 


‘A &E LABORATORY CHEMICALSand REAGENTS 


brand 


Manufactured by MAY &@ BAKER LTD pacenuan - Essex - Tel : vominion 3060 Ext. 220 


= DGL 


‘| metering 
pumps 













































































THE DISTILLERS GOMPANY LIMITED $35. %2pst‘sig" ™™ 


Capacity 0- 


to 0-37 litres per 


Air- 
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controlled temperature water baths 


Thermostatically controlled, electrically heated 
water baths in stainless steel for dye reduction tests, 
Gerber tests, solids-not-fat test, and for storage of samples 


at 65°F or 22°C for the tests prescribed in the Milk 
(Special Designation) Regulations, 1960. As { e 


172 BROWNHILL ROAD - CATFORD - LONDON SEG - HiTher Green 4814/5 Laboratory Service Co. Lid 


Specify for 
DEPENDABILITY 


H. J. ELLIOTT LTD 


E-MIL WORKS, TREFOREST INDUSTRIAL ESTATE, PONTYPRIDD, GLAMORGAN 
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‘AMBERLITE’ lon Exchange Papers 





These papers, combining the functions of ion exchange with those of paper chromatography, offer 

anew and convenient analytical technique to the iaboratory 

They are prepared from a mixture of finely-divided ion exchange resin and pure a-cellulose pulp, made into 
paper by conventional methods and contain about 45% of resin by weight; the resulting high density of 
ion exchange units :s obtained without sacrificing wet or dry strength, and in practice leads not only to 
separation but to concentration of the components in a test mixture. The resins used are stable in the 

pH range 1-14; all ionic forms of the resins are insoluble in aqueous solutions and in organic solvents. 


In chromatographic work these papers show several advantages over an ion exchange column, among them 
smaller sampies, shorter time, and no fraction collecting, and often the fractions may be stained direct. 


The four grades of ‘Amberlite’ lon Exchange Papers cover a wide range of uses; 


lonic Form 


as Supplied Examples of Separations Performed 


lon Exchange Paper Functional Groups 





‘Amberlite’ SA-2 Sulphonic acid Na* Amino acids; aromatic amines 
‘Amberlite’ WA-2 Carboxylic acid H* Copper, cobalt, nickel; vitamins 
‘Amberlite’ SB-2 Quaternary ammonium ci lodide, iodate, periodate; carbohydrates 


‘Amberlite’ WB-2 Primary and Secondary amine OH ~ (free base) Fatty acids; haemoglobin 











Used as filter media the papers should remove traces of ionisable impurities from solution, and clarify the 
solu*ion at the same time. Further information on their properties and uses is contained in the B.D.H. leaflet 
“' Amberiite’ lon Exchange Papers” which is available free on request. 


THE BRITISH DRUG HOUSES LTD. 
B.D.H. Laboratory Chemicals Division - Poole - Dorset 





BEECROFT RANGE OF 


PVC PLASTIC BUNGS 


are being used in research departments 


EVERYWHERE 


write or phone for details and samples:- 
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Perfectiy 
CLEARS? 


It was left to Chance to produce the first inter- 
changeable syringe with an absolutely clear, 
unground glass barrel. Think what this means: 
contents perfectly visible—every sterile sy- 
ringe not just clean but seen to be clean 
and far longer life due to reduced friction 
and erosive wear on the unground barrel. 
The special Chance manufacturing process 
keeps clearances extremely fine. Any plunger 
fits any barrel—even after years of use. This 
means easy replacement at low cost. 

Sizes available: 1, 2, 5, 10 and 20 ml. 

Ask us to send you full particulars. 


(hance THE CLEAR BARREL INTERCHANGEABLE SYRINGE 


Sole Distributors : 


SURGICAL EQUIPMENT SUPPLIES LTD. 
Westfield Road, Acton, London, W.3. Telephone: ACOrn 3212-3-4 


rouxorn fo | OT | we PORTALAB’ 


PORTABLE CHEMICAL LABORATORY 


DESIGNED BY DR. H. MEDINGER 




















**‘CRISTA”’ PIPETTE SHAKER 
with 
interchangeable Heads 





| A complete chemical laboratory, containing 

| ample apparatus and approximately 100 chemi- 

cals for work covering the various examinations 

in Chemistry (Ordinary-level and Advanced- 

| level G.C.E., National Certificate, etc.). 

Equipment includes complete apparatus for 

| Gas Preparation, Polythene Pneumatic Trough, 

| Liebig Condenser for Distillation, Thermometer, 
Graduated Flask, Burette and Pipette (Class B) 

| for Titration, Combustion Tube and Boat, Blow- 
pipe, Stainless Spatula, etc. 

| Dimensions: 21” x 15° x 9 Weight 33 lb. 

| Sturdy construction 

| In fitted, polished ply-wood case, with lock and 

| key. 

| Further particulars and price on application 





For 
PIPETTES 
KAHN TUBES 


BOTTLES Details on request 
HAWKSLEY & SONS sli iiatiia AIMER PRODUCTS LT poet 
Ee ee ee as aes we 56-58 ROCHESTER PLACE, CAMDEN ROAD, LONDON N.W.1 


$57 
WELBECK 855 Telephone: GULLIVER 3618 and 6466 
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MEET THE FAMILY 


The Hearson general purpose water-bath has a stainless 
steel liner giving an unobstructed working space 
18” x 12” x74” deep. The new hydraulic thermostat 


working in conjunction with mat type heaters 
0-5°C up to 100°C. 


ensures accuracy within 


A full range of extra accessories include gabled 
cover, cooling coil and racks to hold 36 
tubes 3” x 4”. Write today for leaflets 
describing this bath and other 
temperature controlled equipment. 


Water Bath £32 


Gabled Cover £4. 10s. 


Racks £2.5s. each 


Charles Hearson & Co. Ltd. 


WILLOW WALK, BERMONDSEY, S.E.1 
Telephone: Bermondsey 4494 


Specialists in laboratory apparatus since 1883 





This unique water still is in use in a number of research establish- 
ments and hospitals where water of the highest purity is essential. 


Price complete with heater and all electrical equipment 
230 volt (a.c. only) — £30. Os. Od. inclusive of carriage and 
packing in U.K. 

Obtainable ONLY from 
L. V. D. SCORAH, M.Sc. 
(Manufacturer of the ‘SCORAH’ Blowpipe). 
44, NORTHFIELD ROAD, KINGS NORTON, 
BIRMINGHAM, 30. Kings Norton 1 88 5 
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The SCORAH Automatic Electric 
all glass WATER STILL ( patented) 


Automatic. Can be left on without attention. Heater cur- 
rent cuts off if water supply is interrupted, or inadequate or 
forgotten. When receiver (5 litres capacity) is full, cur- 
rent cuts off. When distilled water is drawn from receiver, 
the still resumes operation until receiver is refilled. 


Purity. Electrostatically charged condenser droplets can 
pick up fumes, dust and air-borne organisms from the 
laboratory atmosphere. The design of the receiver vessel 
ensures absence of such contamination. 


Efficiency. Heater of Scorah design and manufacture, con- 
sumption 1700 watts, output 2-4 litres per hour (the full 
theoretical yield). Cost 34d. per gallon at Id. per unit. 


Safety. The heating element is out of contact with the feed 
water thus eliminating danger from ‘live’ water supply 
or electrolytic effects or “burn out’. 


Assembly. No retort stands or clamps are required. The 
24" diameter ball joint gives a strainless set-up. Outlet 
cap on boiler for quick periodical drain-off of sediment. 
The still may be installed on a shelf or platform about 
1 ft. above bench level near a sink and enclosed in a trans- 
parent plastic cover to keep out dust. Phoenix heat- 
resisting glass. Interchangeable ground glass joints. 
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laboratory ball mills the ARH-venner ‘labtimer 


Original size 14 inches | 


This ‘personal’ timer gives an audible warning at the 
end of any pre-set time up to 60 minutes 
Indispensable for every Laboratory worker 


Price: 22s. 9d. (inc. P.T.) 


Quantity and Trade Discounts on request 


ARNOLD R. HORWELL LIMITED 


SURGICAL & LABORATORY SUPPLIES 
17 CRICKLEWOOD BROADWAY . LONDON, N.W.2 














Many types available for rolling porcelain or S MA L L Al R co M P R ESSO RS 
metal containers from 5-galion to 1-pint nom- 
me VACUUM & LIQUID PUMPS 


The mill illustrated is an extremely useful 
unit for any laboratory dealing with many jobs 
at the same time on one or more materials of for 
varying quantity or time of processing. Arranged 
with three pairs of rubber bonded rolls in three Laboratory 
tiers each driven by a separate motor allowing all 
three or one or two to be operated. Each tier takes Purposes 
either two 1-gallon or three 4-gallon or four 2-pint or 
five 1-pint pots. Combinations of these sizes can be 
operated simultaneously 


Charies 
Austen 


g> AY a AT t Pumps Ltd. pessoa Rice 
a. . y% y A filled Bakelite. 


PETERSHAM WORKS 4" dia. Inlet/Outlet Pipes. 


: 
— CS Sate San 


BYFLEET . SURREY ieee 
155 G.P.H. 


THE PASCALL ENGINEERING CO LTD telephone: Byfleet 43224/5 6s GPH! eth 
GATWICK ROAD - CRAWLEY + SUSSEX at S’ 6" head. 


The C.15/50 Liquid Pump 


Write or telephone Crawley 25166 for List BM2504 


Brochure sent on request. 
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MSTRONES 


Armstrongs ‘A’ plan Laboratory Furniture is 
installed in Britains leading industrial 
and educational laboratories 









































Write to our Head Office at Hull for catalogues and other information 




















‘ Gs zt 








2) 


op ie = =F 
Pst eee 
1 —* —s 























Wild-Barfield 
muffles for 


a better job 


Wild-Barfield laboratory tube muffles have been specially designed for 
use in analytical and works laboratories. They have many uses includ- 





ing critical point determinations. Temperature range is up to 1050°C 
(1922°F). Models are available from stock. Write for details. 





uy for all heat treatment purposes 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS ‘ OTTERSPOOL WAY * WATFORD BY-PASS: WATFORD ‘HERTS. Tel: Watford 26091 (9 lines) Grams: Elecfurn, Watford 
wage 
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CF io 
GREENS’ PURE 


./ : : 
FILTER \PAPERS 


are 
Competitive in Price and made 
to published standards. 


Ask for free descriptive book 
18 G.60 which gives you the 
specifications. 





J. BARCHAM GREEN LTD. 
MAIDSTONE - ENGLAND 











SILICA/QUARTZ 


Spherical Joints 
12-5 18-9 28-15 


Conical Joints 
B5 to B60 


Jencons carry complete stocks of 
Vitreosil tubing at Vitreosil list prices. 


dencons wil! make your silica/quartz 
apparatus, combustion tubes, distillation 
apparatus, etc. 


For immediate service Jencons the Silica Centre 


MARK ROAD * HEMEL HEMPSTEAD * HERTS 
Telephone Boxmoor 4641 (5 lines) 
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INSTRUMENT 


GEARS 


PRECISION MACHINE CUT 


SPENCER 


COMPONENTS 
5 HIGH STREET, 
KINGS HEATH, 
BIRMINGHAM . 14 








Specially designed thermometers for all 
Laboratory purposes. 

Made in accordance with 1.P., B.S.1., 
S.T.P.T.C, & A.S.T.M. specifications. 

Short range, short stem, Calori- 
meter and Secondary Reference 
Standard thermometers. 
N.P.L. Certified if 

required. 


4 Precision Hydrometers 
for Density, Specific 
Gravity and all Arbitrary 

scales. 


la 
yi“ Glass sheathed Insulated thermo- 
A ; meters for Chemical purposes. 
Mercury in Steel, Vapour Pressure and 
Bimetallic thermometers. 


G. H. ZEAL wn. 


LOMBARD RD., MORDEN RD., LONDON, S.W.19 


Phone: Liberty 2283/4/5/6. Grams: Zealdom, Souphone, London 
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NUCLEAR 
lock INSTRUMENTATION eet 


ELECTRONIC 


LABORATORY 
fock CONDUCTIVITY BRIDGE 
TES NN RNNNNEE Se 


This mains-operated instrument has a _ bridge 
frequency of 1500 c/s, and covers the very wide range 
of 0.05 to 1 ~« 106 micro mhos in seven ranges. 


A portable fully-transistorized 
bridge is also available. It 
covers the range of 0.5 to 
1 x= 106 micro mhos in six 
ranges. 


A. M. LOCK & CO. LTD. 


79 UNION STREET, 
OLDHAM, LANCASHIRE 
Tel: MAIN 6744 





SWIFT 


COLORIMETER 


Comprehensive 8-page brochure 
post free on request 


JAMES SWIFT & SON LTD. 
113-115A Camberwell Rd., London, S.E.5 
RODney 5441 
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A D E LP H ! manufacture 


a complete range of small 
scale Ampoule handling 
equipment for cutting, 
washing, filling and sealing. 
Our Ampoule, vial and 
small container filling 
machine is illustrated here. 


We are showing at the 
International Hospital 
Equipment and Medical 
You'll be surprised at the extent Services Exhibition at 


, Oly » 15th 19th May, 
See first of the J.P. service—especially rate yon thesia 


in the North and Midlands. 


for all your 


laboratory J. Preston Ltd ADELPHI MANUFACTURING CO. LTD. 


equipment West Street, Sheffield 20/21 Duncan Terrace, London, N.1 


Tel: 20101 & 20102 TERminus 2959 & 9459 


bora = j a . » . 
ae Se Grams: Scientific, Phone, Sheffield 

















ATTACHMENT CAMERA Your MIDLANDS Specialists 
for in 
PHOTOMICROGRAPHY Continental and American 


Apparatus and Instruments 


Midland Area Distributors: 


Martin Christ 


35 mm. or plates 


‘! | « 
rv 


* Versatility Makers of the Finest Centrifuges 


ee W 
* Speed » in the World 


Full range available 


Tb 


* Quality 
F. COPLEY & CO. 


R. & J. BECK LTD % WOLLATON ROAD 


69/71 MORTIMER ST - LONDON W.1 BEESTON, NOTTINGHAM 
Pre-eminent for more than a century 
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We make 


MAGNETIC STIRRERS 


especially for 
the anti-biotic 
industry. 


Laboratory 
and Production 
models. 


is for ... 


ABSORBENT MATS specially made to 
prevent spilt acids or hot liquids disfiguring 
bench tops 

AIRLINE TUBING in plastic, celluloid, 
and rubber 

ASSIMILATION APPARATUS available 
for various demonstrations. Manufactured in 
quality materials. 


AUTOCLAVES and sterilisers. From 9 to 


50 litre capacity with exclusive safety device 
Just a small selection from the vast range of 
laboratory apparatus available from : 


Send for leaflet T. GERRARD bos" 


46-48 PENTONVILLE ROAD + LONDON N.1 


Voss Instruments Ltd. Telephane: Terminus 6006/7 


FARADAY WORKS, MALDON, ESSEX. Telephone: 517 




















MICHROME STAINS 


& Reagents for Microscopy, Histochemistry etc. 


Adenosin. Cytase Fluoroil. Fluormont Giemsa. Laktoseal 
Lipid crimson. Leishman. Optoil. Pyronin. Thionin. Lipase 
Toluidine blue. TPN. Urease. etc 
TRIFALGIC ACID, for electrophoresis etc. (ref. Bodman, J 
(1960), Ivor Smith's Chromatographic & Electrophoretic Techniques 
Vol. 2 (Heinnema nn) 

104 page Catalogue available on request. 

New books by Edward Gurr 
ENCYCLOPAEDIA OF MICROSCOPIC STAINS 
500 pages Royal 8vo., price 95/- 


EDWARD GURR LTD., 


42, Upper Richmond Road West, London, S.W.14 














TERYLENE 


Laboratory Coats and Aprons are 
resistant to Acids, Alkalis, Oxidising 
Agents and Temperature. 


Price List and Samples of material free on request 


BORO’ LABORATORIES & APPLIANCE CO. LTD. 
1 Station Buildings, Catford, London, S.E.6 


(ooke Troughioné Simms 
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CLASSIFIED ADVERTISEMENTS 
continued from page 264 











SITUATIONS VACANT 
(continued) 


Bloxham School, Banbury, Oxon 
Bloxham School. Independent Boarding 
School of 260 boys. Own Salary Scale 
comparable with Burnham. Bachelor 
accommodation provided. New, well 
equipped laboratories. 

Wanted in September 1961. 

Master to teach Physics to AS level; 
some Mathematics, A level; General 
Science and Elementary Mathematics 
Master to teach some Physics, A 
level; Physics, O level; Chemistry, 
O level; General Science and Ele- 
mentary Mathematics. 





GRIFFIN & GEORGE LTD. 


require a 


CHEMIST 


He should have O.N.C. or Inter. B.Sc. and 
experience in gas Chromatography would 
be an advantage. He will be responsible 
for the smooth running of the laboratory 
which will testing chromato- 
graphy apparatus and customer's samples 


include 


Suggested age range 25-30 years 
Please write giving details of experience 
and current salary to 


The Personne! Officer 


285 Ealing Road, Alperton, Wembley 
Middlesex 











LLEN & HANBURY LTD., Ware, 

Herts., have a vacancy for a Senior 
Laboratory Assistant, for pharma- 
ceutical research and formulation work. 
Applications are invited from men of 
25 to 40 years of age of O.N.C., or 
M.I.L.T. standard, preferably with some 
years of experience in industry. Salary 
will be commensurate with qualifications 
and experience. The post is pensionable. 
Applications in writing should be sent 
to the Personnel Manager. 


UNIVERSITY OF NOTTINGHAM 
Technician required for the Pharmacy 
Department. Applicants should have ex- 
perience in laboratory work and a special 
interest in the construction and repair of 
laboratory apparatus. Salary within the 
scale £490 to £675. Conditions of Ap- 
pointment and Form of Application from 
the Registrar. 


EADING U.S. optical crystal manu- 
? facturer requires man 30-35, exper- 
ienced in optical polishing or high grade 
toolmakingtoclose tolerances. Interviews 
arranged in U.K. Box 144 
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COURSES 


BIRKBECK COLLEGE 
(UNIVERSITY OF LONDON) 
Session 1961/62 begins Monday, 

2nd October, 1961. 

Part-time (evening) courses pro- 
vided for Internal degrees in the 
Faculties of Arts and Science. 
Facilities also provided for full- 
time and part-time students read- 
ing for: 

(i) Higher Degrees in 
and Science. 

(ii) M.Sc., Crystallography by 
examination. 

(iii) Academic Postgraduate 
Diplomas in Psychology, 
Numerical Analysis and 
Statistics. 


The Department of Scientific 
and Industrial Research has 
accepted the Postgraduate Diplo- 
ma Courses in Psychology and 
Numerical Analysis, and the 
M.Sc. Crystallography course, as 
suitable for tenure of its Advanced 
Course Studentships. Students 
intending to read for Higher 
Degrees in Science by thesis are 
invited to inquire of the College 
whether it has available any 
D.S.1.R. Research Studentships. 


Applications for admission to 
the College should be made before 
June 1. Pamphlet and form of 
application may be obtained from 
the Registrar, Birkbeck College, 
Malet Street, W.C.1. 


Arts 


SERVICES AVAILABLE 


LECTRIC FURNACES—For all 

laboratory and production purposes. 
500°C. to 1750°C. Standard sizes. Also 
specialists in meeting individual require- 
ments. Leading makers for over 30 
years. Catterson-Smith Ltd., Exhibition 
Grounds, Wembley, Middlesex. 





J ‘ Oy. : ‘ ; - 
LOC, Vibe > 
SElc. 


ECLIL 
B.A.SCREW 
| SPENCER COMPONENTS 


5 High Street, Kings Heath, Birmingham 14 














Sole Manufacturers of 
GURR’S 
(Regd. Trade Mark) 


MICROSCOPICAL STAINS 
& REAGENTS 


GEORGE T. GURR, LTD. 








136-140 New Kings Road, LONDON, S.W.6 





NOTICES 


Ax You Interested In Animals 
Without being A Fanatic? Then 
write for free, illustrated prospectus to 
UFAW (The Universities Federation for 
Animal Welfare), 7A Lamb’s Conduit 
Passage, London, W.C.1 


FOR SALE 


ILICA CONES AND SOCKETS, 

Vitreosil silica tubing, polished silica 
discs and glazed sheet always in stock 
Custom built silica/quartz apparatus 
from Jencons, The Silica Centre, Mark 
Road, Hemel Hempstead, Hertfordshire 
Telephone: Boxmoor 4641 


WANTED 


ANTED URGENTLY, copies of 

the January, February, March and 
May 1960 issues of Laboratory Practice. 
Please write to Bailey Bros., & Swinfen 
Ltd., Hyde House, West Central Street, 
London, W.C.1 





treatment. 





LABORATORY CONTROL OF DAIRY PLANT 


by J. G. DAVIS, D.Sc., Ph.D. (Lond.), F.R.1-C., M.1.Biol., F.R.San.1 


This book describes in simple language the latest and best methods for 
those tests designed to ensure the maximum efficiency, not only of the 
dairy plant itself, but also of the various items of auxiliary plant which 
are often neglected. While the book is mainly concerned with labora- 
tory methods, information is also given about some of the latest 
developments in dairy plant, particularly the new methods of heat 


Demy 8vo. Cloth Bound. Fully Illustrated 


from 


DAIRY INDUSTRIES LTD., 9 Gough Square, London, E.C.4. 


30/- postage free 
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equipment; if you wish to advertise a vacant situa- Tel: HOWard 1791 Tel; ROMford 61191 
tion, buy or sell equipment, the Classified Advertise- 
ment columns of ‘LABORATORY PRACTICE’ will 3 Dual purpose low temperature 
prove a valuable medium for your announcement— hot plate 

and bring results quickly. Cw #% Size 12” x 8” plate 

# Simmerstat control 

% Maximum surface temp. 150° ¢ 


Cover ul 














> Situations Wanted ... — 4d. per word, 
minimum 6/- 


> Situations Vacant ... — 6d. per word, 


minimum 10/- The new non-metallic element gives even tempera- 


> Capacities Available ... — 6d. per word, ture over whole area. 
minimum 10/- 


> Services Available ... — 6d. per word, 
minimum 10/- 


> Business Opportunities — 6d. per word, 
minimum 10/- 


Rates for other advertisements may be had 
on application to 


CLASSIFIED ADVERTISEMENT DEPT., 
Strongly constructed of heavy gauge sheet metal, 


LABORATORY PRACTICE with a sliding drying, or evaporating tray accom- 


modated under hotplate. Price : £10.10.0. 
9 Gough Square, London, E.C.4 Additional surface plates available on request 
Telephone: Fleet Street 3172 
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ADVERTISEMENTS 


All advertisements must be PREPAID. Situations Wanted, 4d. per word. Minimum 6s. All other 
advertisements, 6d. per word minimum of 10s. Semi-display advertisemencs 4s. per line, minimum £2. 
Display advertisements at tariff rates. Box Numbers count as four words. Replies forwarded 1s. extra. 
Replies to Box Numbers must be addressed to Laboratory Practice, 9 Gough Square, Fleet Street, 


London, E.C.4. 


The Proprietors reserve to themselves the right to refuse to insert an advertisement if they think 
proper to do so. All possible care is taken to ensure accuracy in setting up the advertisements, but 
should an error be made the Proprietors will not hold themselves responsible in any way for same. 


SITUATIONS VACANT 


ENIOR ANIMAL TECHNICIAN 

required, preferably with A.A.T.A.., 
to take charge of a small animal unit. 
Salary according to qualifications and 
experience. Pension scheme. Cottage 
available. Apply in writing with names 
of two referees to Secretary, Lister 
Institute of Preventive Medicine, Elstree, 
Herts. 





A 
SCIENTIFIC GLASSBLOWER 
is required at 
ATOMIC ENERGY RESEARCH 
ESTABLISHMENT,HARWELL 


Applicants should be fully skilled 
scientific glassblowers with several 
years experience in making labor- 
atory glassware. 

Some knowledge of vacuum 
work is desirable and experience is 
expected in one or more of the 
following: 

* Silica Work 

* Lathe Work 

* Metal to Glass Seals 
Starting Salary according to ex- 
perience in the range of £870- 
£1,160 p.a. 

A house or assistance with 
house purchase will be provided 
Contributory pension scheme. 

Please send Post Card for 
application form to: 

Personnel Manager (1922/129) 

U.K.A.E.A., A.E.R.E. Harwell 

Didcot, Berks 

















AED 


Fundamental Research 
in Industry 
(in the country but one hour from London) 


Over a hundred graduates with assist- 
ants, workshop, and ancillary staff are 
working on basic problems mostly in 
physics. The experimental facilities are 
excellent and include the Merlin nuclear 
reactor on the site. Started at Alder- 
maston in 1946, the Associated Electrical 
Industries long-term Research Labora- 
tory is a young laboratory and is an 
ideal place tor creative thought 


THE SOLID STATE PHYSICS 
SECTION requires: 


A Physicist 


for the study of the effects of nuclear 
irradiation on semiconductors and solid 
State detectors of nuclear particles 

Ref. No. SS/G/5 


A Physical Ghemist 
or Physicist 


to study crystal growth problems with a 
view to developing new experimental 
techniques 


Ref. No. SS/G/6 


Apply in writing, quoting the appro- 
priate Reference Number, to the 


Administration Officer, 
Research Laboratory, 


ASSOCIATED ELECTRICAL 
INDUSTRIES LIMITED 


Aldermaston Court, 
Aldermaston, Berkshire 








excellent ancillary facilities 





LABORATORY STEWARD 


required in pharmaceutical research laboratories. Duties will include 
supervision of ordering and maintenance of apparatus and ordering of 
reagents for departments of chemistry and pharmacology. Experience of 
glass-blowing or workshop practice advantageous. The laboratories are 
in country surroundings, yet easily accessible to London, and have 


Those interested should write to the 
Research Director, 
Miles Laboratories Ltd., 
Stoke Court, Stoke Poges, Buckinghamshire. 
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UNIVERSITY OF ADELAIDE 


TECHNICAL ASSISTANT 
OR LABORATORY ASSISTANT 


Applications are invited for the above- 
mentioned appointment in the Depart- 
ment of Botany. 

Salary scales: Technical Assistant 
Male £A1095-35-1305, Female £A823- 
26-979; Laboratory Assistant—Male 
£A885-35-1095, Female £A665-26-821 

Qualifications: General laboratory 
experience and competence with appara- 
tus and techniques in biology, and 
preferably with the preparation and 
collection of botanical teaching materials 

Duties: Supervision of basic labora- 
tory apparatus and preparation of 
undergraduate classes. 

General: (a) No provision is made for 
travelling expenses, but arrangements 
could be made to help a candidate from 
the United Kingdom to secure an 
assisted passage under the Common- 
wealth Migration Scheme. (+) Preference 
will be given to a qualified male applicant 
but women also are invited to apply 
(c) Any further information desired will 
be supplied on request to the Registrar 

Applications, giving particulars of 
qualifications and experience, marital 
status, the names and addresses of two 
referees, and the time when the applicant 
would be free to assume duty, should be 
sent to the Registrar, The University of 
Adelaide, Adelaide, South Australia, 
not later than May 15, 1961. 





Due to expansion 


R. & J. BECK LTD. 


a member of the Griffin & George Group 


have openings for 


Sales 
Representatives 


Applicants should have Inter. B.Sc. or 
equivalent and have a practical interest 
in microscopes and associated equipment 
Suggested age range 25-30 years 

After a training period of up to 9 
months. Representatives wil! be allocated 
their own territories, one of which will 


be in Scotland 


These positions are permanent and 
pensionable and a car will be provided 





Please write giving full details of 


experience and current salary to 
The Personnel Officer, 
GRIFFIN & GEORGE LTD. 
285 Ealing Rd., Alperton, Wembley, 
Middx. 
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microbiological reagents and media 
are the only complete line offered in U.K. 


Culture Media 


; Microbiological Assay Media 
Requirements of the Bacteriologist, Tissue Culture Media 


Biochemist, Biologist, Pathologist Serological Reagents 


and Pharmacologist can be met very Antisera 


Diagnostic Reagents 
i i oO xtensive Re 

quickly either from our exte: Sensitivity Disks 

stocks, or in the case of certain Unidisks 


specialised products, within a few Peptones 
Hydrolysates 


days. Amino Acids 


Enzymes 
Over 60 years 


experience ensure Enrichments 


Dyes 
UNIFORMITY Indicators 


STABILITY Carbohydrates 
Biochemicals 
ECONOMY 





Please send for complete 
the latest technical laboratory 
information. service 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND. 
Branches in London Manchester and Glasgow. 
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an analytical Came 
balaneg 
more accurate 


than a 
simple balanee 





Y 


TORBAL 


PRECISION BALANCES 


* NO KNIFE-EDGES * NO BEARINGS 
* NO SERVICING * EASY DIAL OPERATION 
* ROBUST * EASILY PORTABLE 


We are now demonstrating these remarkable 
American balances all over the country. They give 
apparatus and materials Exhibition you simple, rapid weighing with direct reading and 
being very robust can be moved about like no 
other balance, without loss of accuracy. The com- 
plete range includes Model DLTS, capacity 500 g., 
complete accuracy 50 mg., price £61. 0. 0; and DLT2, 
laboratory capacity 120 g., accuracy § mg., price £67. 10. o. 
service Write now for full details and a demonstration on 

your bench. 


We are exhibiting at the laboratory 


BAIRD & TATLOCK (LONDON) LIMITED, CHADWELL HEATH, ESSEX, ENGLAND 


Branches in London, Manchester, Glasgow. Agents in U.K. and all over the world 
TAS BT.88 





